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When using this document, 
keep the following in mind: 


I. 
This document 
may, wholly 
or partially, 
be subject 
to change 
without 


notice. 


2. 
All rights are reserved: 
No one is permitted 
to reproduce 
or duplicate, 
in 


any form, the whole or part of this document without Hitachi's 
permission. 


3. 
Hitachi will not be held responsible 
for any damage to the user that may 


result from accidents 
or any other reasons during operation 
of the user's 


unit according 
to this document. 


4. 
Circuitry 
and other examples 
described 
herein are meant merely to indi- 
cate the characteristics 
and performance 
of Hitachi's 
semiconductor 
prod- 
ucts. Hitachi assumes no responsibility 
for any intellectual 
property claims 
or other problems 
that may result from applications 
based on the examples 


described 
herein. 


5. 
No license is granted 
by implication 
or otherwise 
under any patents or 


other rights of any third party or Hitachi, 
Ltd. 


6. 
MEDICAL 
APPLICATIONS: 
Hitachi's 
products 
are not authorized 
for 
use in MEDICAL 
APPLICATIONS 
without 
the written 
consent 
of the 


appropriate 
officer of Hitachi's 
sales company. 
Such use includes, 
but is 


not limited to, use in life support systems. 
Buyers of Hitachi's 
products are 
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the products 
in MEDICAL 
APPLICATIONS. 
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Section 
1 
MOS Static Ram 


• HM6116 SERIES 
HM6116P-2/3/4 
HM6116LP-2/3/4 
HM6116FP-2/3/4 
HM6116LFP-2/3/4 


• HM6116A SERIES 
HM6116AP-12/15/20 
HM6116ALP-12/15/20 
HM6116ASP-12/15/20 
HM6116ALSP-12/15/20 


• HM6716 SERIES 
HM6716P-25/30 


• HM6719 SERIES 
HM6719P-25/30 


• HM6268 
SERIES 
H M6268P-25/35/45 
HM6268LP-25/35/45 


• HM6267 
SERIES 
HM6267P-35/45/55 
HM6267LP-35/45/55 


• HM6264A 
SERIES 
HM6264AP-10/12/15 
H M6264ALP-1 
0/12/15 
HM6264ALP-10U12U15L 
HM6264ASP-10/12/15 
HM6264ALSP-10/12/15 
H M6264ALSP-10Ll12L115L 
HM6264AFP-10/12/15 
HM6264ALFP-10/12/15 
HM6264ALFP-10U12L115L 


• HM6288 
SERIES 
HM6288P-25/35 
HM6288LP-25/35 
HM6288JP-25/35 
H M6288LJ P-25/35 


• HM6788 
SERIES 
HM6788P-25/30 


• HM6788H 
SERIES 
HM6788HP-15/20 


• HM6788HA 
SERIES 
HM6788HAP-12/15/20 


• HM6289 
SERIES 
HM6289JP-25/35 
HM6289LJP-25/35 
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Section 
1-MOS 
Static Ram (continued) 


• HM6789 
SERIES 
16,384-word 
x 4-bit High Speed 
Hi-SiCMOS 
Static 
RAM (with OEl. 
HM6789P-25/30 
HM6789JP-25/30 


• HM6789H 
SERIES 
HM6789HP-15/20 
HM6789HJP-15/20 


• HM6789HA 
SERIES 
HM6789HAP-12/15/20 
HM6789HAJP-12/15/20 


• HM6287 
SERIES 
HM6287P-45/55/70 
H M6287LP-45/55/70 


• HM6287H 
SERIES 
HM6287HP-25/35 
HM6287HLP-25/35 
HM6287HJP-25/35 
HM6287HLJP-25/35 


• HM6787 
SERIES 
HM6787P-25/30 


• HM6787H 
SERIES 
HM6787HP-15/20 
HM6787HJP-15/20 


• HM6787HA 
SERIES 
HM6787HAP-12/15/20 
HM6787HAJP-12/15/20 


• HM62256 
SERIES 
HM62256P-8/10/12/15 
HM62256LP-8/10/12/15 
H M62256LP-10SLl12SLl15SL 
H M62256FP-8T 
!10T/12T /15T 


H M62256LFP-8T/1 
OT/12T /15T 
H M62256LFP-8SLT 
/1OSLT/12SLT /15SLT 


• HM62832/HM62832H 
32,768-word 
x 8-bit High Speed 
CMOS 
Static 
RAM 


HM62832P-35/45 
HM62832LP-35/45 
HM62832JP-35/45 
HM62832LJP-35/45 
HM62832HP-35/45 
HM62832HJP-35/45 


• HM6208/HM6208H 
SERIES 
HM6208P-35/45 
HM6208HP-25/35 
HM6208HLP-25/35 
H M6208HJ P-25/35 
H M6208H LJ P-25/35 


• HM6708 
SERIES 
HM6708P-20/25 
HM6708JP-20/25 


• HM6708A 
SERIES 
H M6708AP-15/20/25 
H M6708AJ P-15/20/25 


• HM6709 
SERIES 
HM6709JP-20/25 


• HM6709A 
SERIES 
HM6709AP-15/20/25 
HM6709AJP-15/20/25 
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Section 
1-MOS 
Static Ram (continued) 
Page 


• HM6207 
SERIES 
262,144-word 
x 
l-bit 
High Speed 
CMOS 
Static 
RAM. 
. . . . ••••. 
. . . 
236 
H M6207p·35/45 
H M6207Lp·35/45 


• HM6207H 
SERIES 
H M6207p·35/45 
HM6207Hp·25/35 
HM6207HLp·25/35 
HM6207HJP·25/35 
HM6207HLJP-25/35 


• HM6707 
SERIES 
HM6707p·20/25 
H M6707 J P·20/25 


• HM6707A 
SERIES 
HM6707Ap·15/20/25 
HM6707AJP·15/20/25 


• HM628128 
SERIES 


HM628128P-7/8/10/12 
HM628128LP-7/8/10/12 
H M628128FP-7/8/10/12 
H M628128LFP-7/8/10/12 


• HM624256 
SERIES 
HM624256P-35/45 
HM624256LP-35/45 
HM624256JP-35/45 
HM624256LJP-35/45 


• HM624257 
SERIES 
HM624257 J P-35/45 
HM624257LJP-35/45 


• HM66204 
SERIES 
HM66204-12/15 
HM66204L-12/15 


• H M63921-20/25/35 
HM63921 P-20/25/35 


Section 
2 
Cache Static RAM and Fast SRAM Modules 


• HM62A168/HM62A188 
SERIES 
Direct 
Mapped 
8,192-word 
x 
16/18-bit 2-way 
. 


HM62168CP-25/35/45 
4,096-word 
x 
16/18-bit Stalic Cache 
RAM 


HM62188CP-25/35/45 


• HM67C932 
SERIES 
HM67C932CP-20/25 


• HB66B1616A-25/35 
HB66B1616A-25/35 


• HB66A2568A-25/35 
HB66A2568A-25/35 


• HM644332 
H M644332G-25/30 
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Section 3 
MOS Pseudo Static RAM 


• HM65256B 
SERIES 
HM65256BP-10/12/15/20 
HM65256BLP-10/12/15/20 
H M65256BSP-1 
0/12/15/20 
H M65256BLSP-10/12/15/20 
H M65256BFP-1 
OT112T115T120T 
H M65256BLFP-10T 
112T115T120T 


• HM658128 
SERIES 
HM658128DP-10/12/15 
HM658128LP-10/12/15 
HM658128DFP-10/12/15 
HM658128LFP-10/12/15 


Section 
4 
Video Memory 


• HM63021 
SERIES 
HM63021 P-28/34/45 


• HM53051P 
HM53051 P-45/60 


• HM53461 
SERIES 
HM53461 P-10/12/15 
HM53461ZP-10/12/15 


• HM53462 
SERIES 
HM53462P-10/12/15 
HM53462ZP-10/12/15 


• HM538122 
SERIES 
HM538122JP-10/12/15 


• HM538123 
SERIES 
HM538123JP-10/12/15 


• HM534251 
SERIES 
HM534251 JP-10/11/12/15 
HM534251 ZP-10/11/12/15 


• HM534252 
SERIES 
HM534252JP-10/11/12115 
HM534252ZP-10/11/12/15 


• HM534253 
SERIES 
HM534253JP-10/12/15 
HM534253ZP-10/12/15 


• HM538121JP/ZP-10/12/15 
HM538121JP-10/12/15 


Section 5 
MOS Dynamic 
RAM 


• HM50464 
SERIES 
HM50464P-12/15/20 
H M50464CP-12/15/20 


• HM50256 
SERIES 
HM50256P-12/15/20 
HM50256ZP-12/15/20 
HM50256CP-12/15/20 


• HM51256 
SERIES 
HM51256P-8/10/12115 
HM51256CP-8/10/12/15 
HM51256LP-8/10/12/15 
HM51256LCP-8/10/12/15 
HM51256ZP-8/10/12/15 
H M51256LZP-8/10/12/15 


65,536-word 
x 4-bit Multiport 
CMOS 
Video 
RAM 
. 


(with Logic operation 
mode) 
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Section 
5-MOS 
Dynamic 
RAM (continued) 
Page 


• HM51258 
SERIES 
262,144·word 
x 
l·bit 
Static Column 
CMOS 
Dynamic 
RAM. 
. . . . . . . 
614 
HM51258P·8/10/12/15 


• HM514256 
SERIES 
262,144·word 
x 4·bit CMOS 
Dynamic 
RAM. 
. . . . . . . . . . . . . . . . . . . 
623 
HM514256P·8/10/12 
HM514256JP-8/10/12 
HM514256ZP·8/10/12 


• HM514256S/HM514256A 
SERIES 
262,144-word 
x 4-bit CMOS 
Dynamic 
RAM. 
. . . . . . . . . . . . • . . . . . . 
635 
HM514256p·8S/10S/12S 
H M514256J P·8S/10S/12S 
H M514256ZP-8S/10S/12S 
HM514256Ap·8/10/12 
HM514256AJP·8/10/12 
HM514256AZP·8/10/12 


• HM514256API/AJPIIAZPI-6/7/8/10/12 
262,144·word 
x 4-bit Dynamic 
Random 
Access 
Memory. 
. . . . . . . . . 
651 
(EXTENDED 
TEMPERATURE 
RANGE 
VERSION) 
H M514256API-6/7/8/10/12 
H M514256AJ PI-6/7/8/10/12 
HM514256AZPI-6/7/8/10/12 


• HM514256ALP/ALJP/ALZp·8/10/12 
262,144-word 
x 4-bit Dynamic 
Random 
Access 
Memory. 
. 
667 
HM514256ALp·8/10/12 
HM514256ALJP-8/10/12 
HM514256ALZp·8/10/12 


• HM514256H 
SERIES 
HM514256HP-6/7 
HM514256HJP-6/7 
HM514256HZP-6/7 


• HM514258S/HM514258A 
SERIES 
HM514258P-8SI10S/12S 
HM514258JP·8S/10S/12S 
H M514258ZP-8S/10S/12S 
HM514258AP-8/10/12 
HM514258AJP-8/10/12 
HM514258AZP-8/10/12 


• HM514266AP/AJP/AZP-6/7/8/10/12 
HM514266AP-6/7/8/10/12 
H M514266AJP-6/7/8/10/12 
HM514266AZP-6/7/8/10/12 


• HM511000S/HM511000A 
SERIES 
HM511000P-8S/10S/12S 
H M511000J P-8S/1 OS/12S 
H M511000ZP-8S/10S/12S 
HM511000AP-8/10/12 
HM511000AJP-8/10/12 
HM511000AZP-8/10/12 


• HM511000ALP/ALJP/ALZP-8/10/12 
HM511000ALP-8/10/12 
HM511000ALJP-8/10/12 
HM511000ALZP-8/10/12 


• HM511000H 
SERIES 
HM511000HP-6/7 
HM511000HJP-6/7 
HM511000HZp·6/7 


• HM511001S 
SERIES 
HM511001 P-8S/10S/12S 
HM511001 JP·8S/10S/12S 
HM511001ZP-8S/10S/12S 
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Section 
5-MOS 
Dynamic 
RAM (continued) 


• HM511001A 
SERIES 
1,048,576-word 
x 
1-bit CMOS 
Dynamic 
RAM 
. 


HM511001AP-8/10/12 
HM511001AJP-8/10/12 
HM511001AZP-8/10/12 


• HM571000JP-35R/40/45 
HM571000JP-35R/40/45 


• HM574256JP-35R/40/45 
HM574256JP-35R/40/45 


• HM511002S/HM511002A 
HM511002P-8S/10S/12S 
HM511002JP-8S/10S/12S 
H M511002ZP-8S/1 OS/12S 
HM511002AP-8/10/12 
HM511002AJP-8/10/12 
HM511002AZP-8/10/12 


• HB56A 18A/AT/B-6H/7H/8A/10A/12A 
HB56A 18A-6H/7H/8A/10A/12A 
HB56A 18AT-6H/7H/8A/10A/12A 
HB56A 18B-6H/7H/8A/10A/12A 


• HB56C18A/ATlB-8A/10A/12A 
HB56C18A-8A/10A/12A 
HB56C18AT-8A/10A/12A 
HB56C18B-8A/10A/12A 


• HB56A19A/AT/B-6H/7H/8A/10A/12A 
HB56A 19A-6H/7H/8A/10A/12A 
HB56A 19AT-6H/7H/8A/10A/12A 
HB56A 19B-6H/7H/8A/10A/12A 


• HB56C19A/AT/B-8A/10A/12A 
HB56C19A-8A/10A/12A 
HB56C19AT-8A/10A/12A 
HB56C19B-8A/10A/12A 


• HM514100JP/ZP-8/10/12 
HM514100JP-8/10/12 
HM514100ZP-8/10/12 


• HM514100JP/ZP-7 
HM514100JP-7 
HM514100ZP-7 


• HM514100LJP/LZP-8/10/12 
HM514100LJP-8/10/12 
HM514100LZP-8/10/12 


• HM514400JP/ZP-8/10/12 
HM514400JP-8/10/12 
HM514400ZP-8/10/12 


• HM514410JP/ZP-8/10/12 
HM514410JP-8/10/12 
HM514410ZP-8/10/12 


• HM514400LJP/LZP-8/10/12 
HM514400LJP-8/10/12 
HM514400LZP-8/10/12 


Section 6 
MOS Dynamic 
RAM Module 


• HB561003 
SERIES 
HB561003AR/B-12/15 


• HB561409 
SERIES 
HB561409A-10/B-10 
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Section 
6-MOS 
Dynamic 
RAM Module (continued) 
Page 


• HB56100B 
SERIES 
262,144·word 
x a·bit Dynamic 
Random 
Access 
Memory 
Module 
963 
HB56100BAR/B·12/B·15 


• HB56D2560BA/B·6H/7H/BA/10A/12A 
262,144·word 
x B·bit High Density 
Dynamic 
RAM Module. 
967 
H B56D2560BA·6H/7H/BA/1 
OA/12A 


H B56D2560BB·6H/7H/BA/10A/12A 


• HB56D25609A1B·B5A/10A/12A 
262,144·word 
x 9·bit High Density 
Dynamic 
RAM Module. 
. . . . . . . . 
979 
HB56D25609A·B5A/10A/12A 
HB56D25609B·B5A/10A/12A 


• HB56D25636B·B5/10/12 
262,144·word 
x 36·bit High Density 
Dynamic 
RAM Module. 
991 


• HB56D51236B·B5/10/12 
524,2BB·word 
x 36·bit High Density 
Dynamic 
RAM Module. 
1003 


• HB56A4BA/AT/B·B/10/12 
4,194,304·word 
x B·bit High Density 
Dynamic 
RAM Module. 
. 
1015 
HB56A4BA·B/10/12 
HB56A4BAT·B/10/12 
HB56A4BB·B/1 0/12 


• HB56A49A/AT/B·B/10/12 
4,194,304·word 
x 9·bit High Density 
Dynamic 
RAM Module. 
. . . . . . 
1027 
HB56A49A·B/10/12 
HB56A49AT ·B/1 0112 
HB56A49B·B/1 
0/12 


• HB56D136B·B/10/12 
1.04B,576·word 
x 36·bit High Density 
Dynamic 
RAM Module 
1039 


• HB56D236B·B/10/12 
2,097,152·word 
x 36·bit High Density 
Dynamic 
RAM Module. 
1049 


Section 
7 
MOS Mask ROM 


• HN623257p, 
HN623257F 
HN623257P 
HN623257F 


• HN62325BP, 
HN62325BF 
HN62325BP 
HN62325BF 


• HN62321/HN62331 
SERIES 
HN62321P 
HN62321BP 
HN62331P 
HN62321 F 
HN62321BF 
HN62331 F 


• HN62331AP/F 


HN62331AP 
HN62331AF 


• HN62331 P/F 
HN62331P 
HN62331F 


• HN62321 E/HN62331 
E SERIES 
HN62321EP 
HN62332EP 
HN62321EF 
HN62331 EF 


• HN62321A/HN62331A 
SERIES 
HN62321AP 
HN62331AP 
HN62321AF 
HN62331AF 


• HN62412/HN62422 
SERIES 
HN62412P 
HN62422P 
HN62412FP 
HN62422FP 


32,76B·word 
x B·bit CMOS 
Mask Programmable. 
Read Only Memory 


131,072·word 
x B·bit CMOS 
Mask Programmable 
. 


Read Only Memory 


131,072·word 
x B·bit CMOS 
Mask Programmable 
. 


Read Only Memory 


131,072-word 
x 
16-bit/262,144·word 
x B·bit CMOS. 


Mask Programmable 
ROM 
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Section 
7-MOS 
Mask ROM (continued) 


• HN62404/HN62424 
SERIES 
262,144-word 
x 
16-bit/524,288-word 
x 8-bit CMOS 
. 


HN62404P 
Mask Programmable 
ROM 


HN62424P 
HN62404FP 
HN62424FP 


• HN62304B/HN62324B 
SERIES 


HN62304BP 
HN62324BP 
HN62304BF 
HN62324BF 


• HN62444 
SERIES 


HN62444P 
HN62444FP 
HN62444F 


• HN62414 
SERIES 


HN62414P-17/20 
HN62414FP-17/20 
HN62414F·17/20 


• HN62314B 
SERIES 
HN62314BP-17/20 
HN62314BF-17/20 


• HN62344B 
SERIES 


HN62344BP 
HN62344BF 


• HN62408 
SERIES 


HN62408P 
HN62408FP 


• HN62308B 
SERIES 


HN62308BP 
HN62308BF 


• HN66403P 
SERIES 


HN66403P 


• HN624016 
SERIES 


HN624016P 
HN624016F 


Section 
8 
MOS PROM 


• HN58064 
SERIES 


HN58064P-25/30 


• HN58C65 
SERIES 


HN58C65P-25 
HN58C65FP-25 


• HN58C66 
SERIES 


HN58C66P-25 
HN58C66FP-25 


• HN58C256 
SERIES 
HN58C256P-15/20 
HN58C256FP-15/20 


• HN27C256AG 
SERIES 


HN27C256AG-10/12/15 


• HN27C256HG 
SERIES 


HN27C256HG-70/85 


• HN27512G 
SERIES 
HN27512G-25/30 


• HN27C1024HG 
SERIES 


HN27C1024HG-85/10 


524,288-word 
x 8-bit CMOS 
.... 


Mask Programmable 
ROM 


262,144-word 
x 
16-bit/524,288-word 
x 8-bit CMOS 
. 


Mask Programmable 
Read Only Memory 


262,144-word 
x 
16-bit/524,288-word 
x 8-bit CMOS 
. 


Mask Programmable 
Read Only Memory 


524,288-word 
x 
16-bit/1,048,576-word 
x 8-bit CMOS .... 


Mask Programmable 
ROM 


1,048,576-word 
x 8-bit CMOS 
Mask Programmable 
Read. 


Only Memory 


524,288-word 
x 
16-bit/1,048,576-word 
x 8-bit CMOS 
. 


Mask Programmable 
Read Only Memory 


1,048,576-word 
x 
16-bit/2,097,152-word 
x 8-bit CMOS. 
. ......•. 
Mask Programmable 
Read Only Memory 


8,192-word 
x 8-bit Electrically 
Erasable 
and Programmable 
. 
CMOS 
ROM 


8,192-word 
x 8-bit CMOS 
Electrically 
Erasable 
and. 


Programmable 
ROM 


32,768-word 
x 8-bit Electrically 
Erasable 
and Programmable 
... 
CMOS 
ROM 
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Section 
8-MOS 
PROM (continued) 


• HN27C101G 
SERIES 
HN27C101G-17/20/25 


• HN27C301G 
SERIES 
H N27C301 G-17/20/25 


• HN27C256FP 
SERIES 


• HN27512P 
SERIES 
HN27512P-25/30 


• HN27C101 P/FP SERIES 
HN27C101 P-20/25 
HN27C101 FP-20/25 


• HN27C301 
P/FP SERIES 
HN27C301 
P-20/25 
HN27C301 
FP-20/25 


• HN27C101AG 
SERIES 
CMOS 
1Mb EPROM 


• HN27C4096 
SERIES 
HN27C4096G-10/12/15 
H N27C4096CC-1 
0/12/15 


Section 
9 
Eel 
RAM 


• HM10494 
SERIES 
HM10494-10/12 
HM10494F-10/12 


• HM10490 
SERIES 
HM10490-10/12 


• HM10504-10/12 


• HM10500-15 


• HM100494 
SERIES 
HM100494-10/12 
HM100494F-10/12 


• HM100490-10/12 


• HM100504F-10/12 


• HM100500 
SERIES 
HM100500-18 
HM100500CG-18 
HM100500F-18 


• HM101494 
SERIES 
HM101494-10/12 
HM101494F-10/12 


• HM101490-10/12 


• HM101504F-10/12 


• HM101500F-15 


32,768-word 
x 8-bit CMOS 
One Time 
Electrically 
Programmable 
ROM 


65,536-word 
x 8-bit One Time 
Electrically 
Programmable. 
Read Only Memory 


131,072-word 
x 8-bit CMOS 
One Time. 
. .... 
", 
... 
Electrically 
Programmable 
ROM 


131,072-word 
x 8-bit CMOS 
One Time 
. 
Electrically 
Programmable 
ROM 


65,536-word 
x 4-bit Fully Decoded 
Random 
Access 
Memory. 


262,144-word 
x 
1-bit Fully Decoded 
Random 
Access 
Memory 


16,384-word 
x 4-bit Fully Decoded 
Random 
Access 
Memory 
. 


65,536-word 
x 
1-bit Fully Decoded 
Random 
Access 
Memory 


65,536-word 
x 4-bit Fully Decoded 
Random 
Access 
Memory. 


262,144-word 
x 
1-bit Fully Decoded 
Random 
Access 
Memory 


65,536-word 
x 
1-bit Fully Decoded 
Random 
Access 
Memory. 


65,536-word 
x 4-bit Fully Decoded 
Random 
Access 
Memory 


262,144-word 
x 
1-bit Fully Decoded 
Random 
Access 
Memory 
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Page 


1192 


1267 


1268 


1273 


1277 


1281 


1282 


1289 


1293 


1294 
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QUICK REFERENCE GUIDE TO HITACHI MEMORIES 


Access 
Cycle 
Power 
Package ., 
Mode 
Total 
Type No. 
Process 
Organization 
Time 
Time 
""'" 
Dissipation 
Page 


(word x bit) 
(n5) 
(n5) - 


M 
C'NJ 
Max 
Max 
PinHo. 
G 
P 
FP 
SP 
lP 
CG 
CP 
JP 
M 


HM6116-2'2 
120 
120 
0.1m/0.2 
• 
64 


HM6116-3'2 
150 
150 
0.1m/0.175 
• 
64 


HM6116-4'2 
200 
200 
• 
64 


HM6116l-2'2 
120 
120 
10u/0.175 
• 
64 


HM6116l-3'2 
150 
150 
10~0.15 
• 
64 


HM6116l-4'2 
200 
200 
• 
64 


HM6116A-12'2 
CMOS 
2048x8 
120 
120 
• 
69 


HM6116l-15'2 
150 
150 
0.1m/15m 
24 
• 
69 


HM6116A-20'2 
200 
200 
• 
69 


HM6116Al-12'2 
120 
120 
• 
69 


HM6116Al·15'2 
150 
150 
5~10m 
• 
69 


HM6116Al·20'2 
200 
200 
• 
69 


HM6716-25 
25 
25 
• 
74 


16k-b 
HM6716-30 
Bi-CMOS 
2048x8 
30 
30 
0.28 
• 
74 


HM6719-25 
(withOE) 
25 
25 
• 
74 


HM6719-30 
30 
30 
• 
74 


HM6268-25 
25 
25 
80 


HM6268-35 
35 
35 
0.1~0.25 
80 


HM6268-45 
4096x4 
45 
45 
80 


HM6268l-25 
25 
25 
80 


HM6268l-35 
35 
35 
5~0.25 
80 


HM6268l-45 
CMOS 
45 
45 
20 
80 


HM6267-35 
35 
35 
87 


HM6267-45 
45 
45 
0.1m/0.2 
87 


HM6267-55 
16384 x 1 
55 
55 
87 


HM6267l-35 
35 
35 
87 


HM6267l-45 
45 
45 
5~0.2 
87 
Static 
HM6267l-55 
55 
55 
+5 
87 


18k-b 
HM6719-25 
Bi-CMOS 
2048x9 
25 
25 
0.28 
24 
• 
74 


HM6719-30 
30 
30 
• 
74 


HM6264-10"2 
100 
100 
0.1m/0.2 
• • 
94 


HM6264-12"2 
120 
120 
• • 
94 


HM6264A-10 
100 
100 
• • 
94 


HM6264A-12 
120 
120 
0.1m/15m 
• • 
94 


HM6264A-15 
150 
150 
• • 
94 


HM6264Al-l0 
100 
100 
28 
• • 
94 


HM6264Al-12 
8192x8 
120 
120 
10~15m 
• • 
94 


HM6264Al-15 
CMOS 
150 
150 
• • 
94 


HM6264Al-l0l 
100 
100 
• • 
94 


HM6264Al-12l 
120 
120 
10~15m 
• • 
94 


HM6264Al-15l 
150 
150 
• • 
94 
16k-b 
HM6288-25 
25 
25 
• 
103 


HM6288-35 
35 
35 
22 
• 
103 


HM6288l-25 
25 
25 
0.lm/0.3 
24 
103 
(SOJ) 
• 
HM6288l-35 
35 
35 
• 
103 


HM6788-25 
16384x4 
25 
25 
10m/0.23 
111 
HM6788-35 
35 
35 
111 
HM6788H-20 
Bi-CMOS 
20 
20 
0.28 
22 
115 


HM6788HA-12 
12 
12 
119 


HM6788HA-15 
15 
15 
.3 
119 


HM6788HA-20 
20 
20 
119 


HM6289-25 
25 
25 
• 
124 


64k-b 
HM6289-35 
CMOS 
16384x4 
35 
35 
0.1m/0.3 
24 
• 
124 


HM6289l-25 
(withOE) 
25 
25 
• 
124 


HM6289l-35 
35 
35 
• 
124 
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Access 
Cycle 
Power 
Package "' 


Mode 
Total 
Type No. 
Process 
Organization 
TIme 
TIme 
""'" 
Dissipation 
Page 
(word x btt) 
(ns) 
(ns) 
""""M 
lW) 
Max 
Max 
Pin No. 
G 
P 
FP 
SP 
ZP 
CG 
CP 
JP 
M 


HM6789-25 
25 
25 
101'J'0.23 
• 
135 
HM6789-30 
30 
30 
• 
135 
HM6789H-15 
16384x4 
15 
15 
• 
142 
HM6789H-20 
Bi-CMOS 
20 
20 
24 
• 
142 


HM6789HA-12 
(with OE 
12 
12 
0.28 
• 
149 


HM6789HA-15 
15 
15 
• 
149 


HM6789HA-20 
20 
20 
• 
149 


HM6287-45 
45 
45 
157 


HM6287-55 
55 
55 
0.1m/0.3 
157 


HM6287-70 
70 
70 
22 
157 
HM6287L-45 
45 
45 
157 


HM6287L-55 
CMOS 
55 
55 
101'J'0.3 
157 


HM6287L-70 
70 
70 
157 


HM6287H-25 
25 
25 
0.1m/0.3 
• 
184 


HM6287H-35 
35 
35 
• 
164 


HM6287HL -25 
65536 x 1 
25 
25 
101'J'0.3 
• 
164 


HM6287HL-35 
35 
35 
• 
164 


HM6787-25 
25 
25 
38m/0.18 
22 
173 


HM6787-35 
35 
35 
24 
173 
HM6787H-15 
15 
15 
0.21 
(SOJ) 
• 
178 


HM6787H-20 
Bi-CMOS 
20 
20 
• 
178 


HM6787HAJP-12 
12 
12 
• 
178 


HM6787HAJP-15 
15 
15 
.3 
• 
183 


HM6787HAJP-20 
20 
20 
• 
183 


HM62256-8 
85 
85 
• • 
189 


HM62256-10 
100 
100 
0.2m/40m 
• • 
189 


HM62256-12 
120 
120 
• • 
189 


HM62256-15 
150 
150 
• • 
189 


HM62256L-8 
85 
85 
• • 
189 


HM62256L-10 
100 
100 
101'J'40m 
• • 
189 


HM62256L-12 
120 
120 
• • 
189 
Static 
256k-b 
HM62256L-15 
150 
150 
+5 
• • 
189 


HM62256L-10SL 
100 
100 
• • 
189 


HM62256L-12SL 
32768x8 
120 
120 
101'/40m 
28 
• • 
189 


HM62256L-15SL 
150 
150 
• • 
189 


HM62832-35 
35 
35 
75m/.3 
• 
• 
197 


HM62832-45 
45 
45 
• 
• 
197 


HM62832L-35 
35 
35 
10m/.3 
• 
• 
197 


HM62832L -45 
CMOS 
45 
45 
• 
• 
197 


HM62832H-25 
25 
25 
• 
• 
197 


HM62832H-35 
35 
35 
.1m/.3 
• 
• 
197 


HM62832H-45 
45 
45 
• 
• 
197 


HM62832HL-25 
25 
25 
• 
• 
197 


HM62832HL-35 
35 
35 
30m/.3 
• 
• 
197 


HM62832HL -45 
45 
45 
• 
• 
197 


HM6208-35 
35 
35 
0.1m/0.3 
• 
203 


HM6208-45 
45 
45 
• 
203 


HM6208L-35 
35 
35 
101'J'0.3 
• 
203 


HM6208L-45 
45 
45 
• 
203 


HM6208H-25 
25 
25 
0.1m/0.3 
• 
• 
203 


HM6208H-35 
35 
35 
• 
• 
203 


HM6208HL-25 
25 
25 
101'J'0.3 
24 
• 
• 
203 


HM6208HL -35 
35 
35 
• 
• 
203 


HM67ll8-20'3 


65536x4 
20 
20 
0.35 
• 
• 
211 


HM6708-25'3 
25 
25 
• 
• 
211 


HM6708A-15 
15 
15 
• 
• 
217 


HM6708A-20 
20 
20 
.4 
• 
• 
217 


HM6708A-25 
Bi-CMOS 
25 
25 
• 
• 
217 


HM6709-20 
20 
20 
.35 
• 
222 


HM6709-25 
25 
25 
• 
222 


HM6709A-15 
15 
15 
28 
• 
• 
229 


HM6709A-20 
20 
15 
.4 
• 
• 
229 


HM6709A-25 
25 
25 
• 
• 
229 


@HITACHI 


xiv 
Hitachi 
America, 
Ltd .• 
Hitachi 
Plaza. 
2000 
Sierra 
Point 
Pkwy .• 
Brisbane, 
CA 94005-1819 
• (415) 
589-8300 


Access 
Cycle 
Power 
Package " 
Organization 
Time 
Time 
""'" 
Mode 
Total 
Type No. 
Process 
•.•.•. 
Oissipation 
Page 
(mrdx 
bil) 
(ns) 
(ns) 
M 
(W) 
Max 
Max 
PinHo. 
G 
P 
FP 
SP 
ZP 
CG 
CP 
JP 
M 


HM6207-35 
35 
35 
0.1m/0.3 
236 


HM6207-45 
45 
45 
236 


HM6207L-35 
35 
35 
10~/0.3 
236 
HM6207L-45 
45 
45 
236 
HM6207H-25 
CMOS 
25 
25 
• 
243 


HM6207H-35 
35 
35 
0.1m/0.3 
• 
243 
256k-b 
HM6207HL-25 


262144 x 1 
25 
25 
24 
• 
243 


HM6207HL -35 
35 
35 
101'10.3 
• 
243 


HM6707-20"3 
20 
20 
0.35 
• 
250 
HM6707-25"3 
25 
25 
• 
250 
HM6707A-15 
Bi-CMOS 
15 
15 
• 
255 
HM6707A-20 
20 
20 
.4 
• 
255 


HM6707A-25 
25 
25 
• 
255 


HM628128-T3 
70 
70 
• • 
261 
Static 
HM628128-8"3 
85 
85 
0.1mJ75m 
• • 
261 


HM628128-1O"3 
100 
100 
• • 
261 


HM628128-12"3 
131072x8 
120 
120 
32 
• • 
261 
HM628128L-T' 
70 
70 
• • 
261 


HM628128L-8"' 
85 
85 
10~175m 
• • 
261 
HM628128L-10" 
100 
100 
• • 
261 
HM628128L-12"' 
120 
120 
• • 
261 


HM624256-35"3 
35 
35 
0.1m/0.35 
• 
• 
269 


1M-b 
HM624256-45"3 
45 
45 
28 
• 
• 
269 


l~ 
j: 
.1m/.35 
• 
• 
269 


HM624256L -45'3 
45 
45 
• 
• 
269 


HM624257-35"' 
Z62144 x4 
35 
35 
• 
275 


HM624257-45"' 
45 
45 
0.1m/0.35 
• 
275 


HM624257L-35"' 
35 
35 
+5 
• 
275 
- 
HM624257L-45"' 
CMOS 
45 
45 
32 
• 
275 


HM66204-12"' 
120 
120 
0.8m/50m 
• 
283 
Static 
HM66204-15"' 
131072x8 
150 
150 
283 
RAM 
(with 
• 


Module 
HM66204L-12-' 
decoder) 
120 
120 
40jJ50m 
• 
283 


HM66204L-15"' 
150 
150 
• 
283 


HM63921-20 
20 
30 
• 
289 


18k-bit 
HM63921-25 
2kx9 
25 
35 
• 
289 


FIFO 
HM63921-35 
35 
45 
tOW 
28 
• 
289 


HM63941-25 
25 
35 
max. 
• 
289 
36k-bit 
HM63941-35 
4kx9 
35 
45 
• 
289 


HM63941-45 
45 
60 
• 
289 


HM62A 168-25 
8kx16 
25 
25 
• 
311 
12Ok-b 
HM62A 168-35 
35 
35 
• 
311 


HM62A 168-45 
(2 way) 
45 
45 
1.1 
• 
311 


HM62A 188-25 
25 
25 
(max.) 
52 
311 
Cache 
8kx 
18 
• 
128k-b 
HM62A 188-35 
35 
35 
• 
311 
Static 
HM62A 188-45 


(2 way) 
45 
45 
311 
RAMs 
• 
HM67C932-20 
20 
20 
• 
319 


HM67C932-25 
8i-CMOS 
32kx9 
25 
25 
T80 
44 
• 
319 


256k-b 
HM67B932-20 
(4 way) 
20 
20 
• 
t 
- 
HM67B932-25 
25 
25 
• 
t 


Fast 
HB66B1616A-25 
16kx16 
25 
25 
.4m/l.2 
36 
• 
333 


SRAM 
HB66B1616A-35 
(module) 
35 
35 
• 
333 


Module 
2M-b 
HB66A2588A"25 
CMOS 
256k x 8 
25 
25 
.8m/2.4 
60 
• 
343 


HB66A2568A-35 
(module) 
35 
35 
• 
343 
TAG 
32k-b 
HM644332-25 
2kx20 
25 
25 
1.0 
64 
351 


RAM 
HM644332-30 
(tag ram) 
30 
30 
max. 
351 
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Access 
Cycle 
Power 
Package "' 


Mode 
Total 
Type No. 
Process 
Organization 
Time 
Time 
""'" 
Dissipation 
Page 
(word x bit) 
(ns) 
(ns) 
""'''' 
M 
IN) 
Max 
Max 
PioNo. 
G 
P 
FP 
SP 
zp 
CG 
CP 
JP 
M 


HM65256B-l0 
100 
100 
• 
369 
HM65256B-12 
120 
190 
• 
369 
HM65256B-15 
150 
235 
• 
369 
HM65256B-20 
32768x8 
200 
310 
2m/0.175 
28 
• 
369 
HM65256BL-l0 
100 
180 
• 
369 
HM65256BL-12 
120 
190 
• 
369 
Pseudo 
256k-b 
HM65256BL-15 
150 
235 
• 
369 
Static 
HM65256BL-20 
200 
310 
• 
369 
HM656128D-l0 
100 
180 
376 
HM658128D-12 
120 
210 
5m/0.2 
376 
HM658128D-15 
131072x8 
150 
250 
32 
376 
HM656128L-l0 
100 
180 
376 
HM658128L -12 
120 
210 
05m/0.2 
376 
HM658128L-15 
150 
250 
376 
HM63021-28 
20 
28 
368 
16k-b 
HM63021-34 
2048x8 
24 
34 
0.25 
18 
368 
HM63021-45 
30 
45 
368 


lM-b 
HM53051-45 
262144x4 
35 
45 
0.2 
28 
• 
402 
HM63021-60 
40 
60 
• 
402 
HM53461-10 
100 
190 
• 
• 
412 
HM53461-12 
120 
220 
• 
• 
412 


256k-b 
HM53461-15 
65536x4 
150 
260 
24 
• 
• 
412 


HM53462-10 
CMOS 
Multi-port 
100 
190 
• 
• 
425 
HM53462-12 
120 
220 
• 
• 
425 
HM53462-15 
150 
260 
• 
• 
425 
HM538121-10'3 
100 
190 
589 
HM538121-12'3 
120 
220 
569 
HM538121-15'3 
150 
260 
569 


Video 


HM538122,10'3 
100 
190 
444 


HM538122,12'3 
131072x8 
120 
220 
+5 
40 
444 
Memory 
HM538122'15'3 
150 
260 
444 
HM538123,10'3 
100 
190 
470 
HM538123-12'3 
120 
220 
470 
HM538123,15'3 
150 
260 
470 


lM-b 
HM534251-10'3 
100 
190 
35m/0.55 
• 
469 


HM534251-11'3 
100 
190 
• 
469 
HM534251-12'3 
120 
220 
• 
469 
HM534251-15'3 
150 
260 
• 
469 
HM534252-10'3 


262144 x4 
100 
190 
• 
516 
HM534252-11'3 
100 
190 
28 
• 
516 
HM534252-12'3 


Multi-port 
120 
220 
• 
516 
HM534252-15'3 
150 
260 
• 
516 
HM534253-10'3 
100 
190 
• 
542 


HM534253-12'3 
120 
220 
• 
542 
HM534253-15'3 
150 
260 
• 
542 
HM50464-12 
120 
220 
590 
HM50464-15 
65536x4 
150 
260 
18 
590 
HM50464-20 
NMOS 
200 
330 
20m/0.35 
590 
HM50256-12 
120 
220 
• 
598 
HM50256-15 
150 
260 
• 
598 


HM50256-20 
200 
330 
• 
598 


Dynamic 
256k-b 
HM51256-8 
85 
155 
• 
606 
HM51256-10 
100 
180 
16 
• 
606 


HM51256-12 
262144 x 1 
1205 
210 
18 
• 
606 
HM51256-15 
CMOS 
150 
250 
PLCC 
• 
606 
10m/0.35 
HM51256L-8 
85 
155 
• 
606 
HM51256L-l0 
100 
185 
• 
606 
HM51256L -12 
120 
210 
• 
606 
HM51256L-15 
150 
250 
• 
606 
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Access 
~cle 
Power 
Package ., 


Mode 
Total 
Type No. 
Process 
Organization 
Time 
lme 
""'" 
Dissipation 
Page 
(word x bit) 
(ns) 
(ns) 
1''''',- 
(V) 
(W) 
Max 
Max 
PinNa. 
G 
P 
FP 
SP 
ZP 
CG 
CP 
JP 
M 


HM51258-8 
85 
150 
614 
HM51258-10 
262144 x 1 
100 
180 
10mlO.35 
16 
614 
HM51258-12 
120 
210 
614 
HM51258-15 
150 
250 
614 
HM514256-8 
80 
160 
623 


HM514256-10 
100 
190 
623 
HM514256-12 
120 
220 
623 
HM514256-SS 
80 
160 
635 
HM514256-1OS 
100 
190 
10mlO.33 
635 
HM514256-12S 
120 
220 
635 
HM514256A-8 
80 
160 
635 
HM514256A-l0 
100 
190 
635 
HM514256A-12 
120 
220 
635 
HM514256API-6 
60 
120 
11/495 
651 
HM514256API-7 
70 
130 
11/440 
651 
HM514256API-8 
80 
160 
11/385 
651 
HM514256API-l0 
100 
190 
111330 
651 
HM514256API-12 
120 
220 
11/275 
651 
HM514256H-6 
60 
120 
10m/0.45 
667 
HM514256H-7 
70 
140 
667 
HM514258-8S 
80 
160 
696 
HM514258-10S 
100 
190 
696 
HM514258-12S 
120 
220 
10m/0.375 
696 
HM514258A-8 
80 
160 
696 


HM514258A-l0 
100 
190 
696 


HM514258A-12 
120 
220 
696 


HM514266A-6 
60 
120 
11/495 
711 
HM514266A-7 
70 
130 
11/440 
711 
Dynamic 
lM-b 
HM514266A-8 
CMOS 
80 
160 
+5 
11/363 
18 
711 
HM514266A-l0 
100 
190 
111303 
711 


HM514266A-12 
1048576 x 1 
120 
220 
11/259 
711 


HM514256-8 
80 
160 
111363 
711 


HM514256-10 
10 
190 
111303 
711 


HM514256-12 
12 
220 
11/259 
711 


HM511000-SS 
80 
160 
725 
HM511000-1OS 
100 
190 
10mlO.35 
725 
HM511000-12S 
120 
220 
725 
HM511000A-8 
80 
160 
725 
HM511000A-l0 
100 
190 
10mlO.375 
725 
HM511000A-12 
120 
220 
725 


HM511000ALP-8 
80 
160 
1.7/385 
737 


HM511000ALP-l0 
100 
190 
1.7/330 
737 


HM511000ALP-12 
120 
220 
1.7/275 
737 


HM511000ALJP-8 
80 
160 
1.7/385 
737 
HM511000ALJP-l0 
100 
190 
1.71330 
737 
HM511000ALJP-12 
120 
220 
1.7/275 
737 


HM5110ooH-6 
60 
125 
10m/0.45 
751 
HM511000H-7 
70 
140 
751 
HM511oo1-8S 
80 
160 
762 
HM511001-10S 
100 
190 
762 


HM511001-12S 
120 
220 
762 
HM511001A-8 
80 
160 
773 
HM511001A-l0 
100 
190 
10m/0.35 
773 
HM511001A-12 
80 
160 
773 
HM511002-8S 
80 
160 
• 
816 
HM511002-1OS 
100 
190 
• 
816 
HM511002-12S 
120 
220 
• 
816 
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Access 
Cycle 
Power 
Package "' 
Mode 
Total 
Type No. 
Process 
Organization 
Time 
Time 
Supply 
Dissipation 
Page 
(word x bit) 
(ns) 
(ns) ."..•. 
M 
C'N) 
Max 
Max 
PinNe. 
G 
P 
FP 
SP 
ZP 
CG 
CP 
JP 
M 


HM511002A-8 
80 
160 
• 
• 
816 


HM511002A-10 
CMOS 
1,048,576 
x 1 
100 
190 
10m/0.45 
• 
• 
816 


HM511oo2A-12 
120 
220 
• 
• 
816 


HM57100JP-35R 
35 
70 
803 
1M-b 
HM57100JP-40R 
40 
80 
803 


HM57100JP-45R 
Bi-CMOS 
1Mx1 
45 
85 
5V 
lW 
28 
803 


HM574256JP-35R 
35 
70 
816 


HM574256JP-40R 
40 
80 
816 


HM574256JP-45R 
45 
85 
816 


HM514100-8 
80 
150 
llm/.495 
855 
HM5141OD-l0 
4,194,304 
x 1 
100 
180 
11m/.44 
855 
HM5141OD-12 
120 
210 
11m/.385 
855 
Oynami 
HM5141OD-7 
70 
140 
5v-5 
l1m/.55 
869 


HM5144OD-8 
80 
150 
l1m/.495 
883 
HM5144OD-10 
1,048,576 
x 4 
100 
180 
11m/.44 
883 
HM5144OD-12 
120 
210 
11m/.385 
883 


4M-b 
HM514101-8 
CMOS 
80 
150 
11m/.495 
883 


HM514101-10 
100 
180 
11m/.44 
883 


HM514101-12 
4,194,304 
x 1 
120 
210 
11m/.385 
883 


HM514102-8 
80 
150 
11m/.495 
883 


HM514102-10 
100 
180 
11m/.44 
883 


HM514102-12 
120 
210 
11m/.385 
883 


HM51441(}-8 
80 
150 
llm/.495 
883 


HM51441(}-10 
1,048,576 
x 4 
100 
180 
11m/.44 
883 


HM51441(}-12 
120 
210 
11m/.385 
883 


HB561008-12 
262144x8 
120 
210 
0.1212.42 
• 
963 


HB561008-15 
NMOS 
150 
260 
0.1212.42 
• 
963 


HB561003-12 
120 
210 
0.135/2.55 
• 
854 


HB561003-15 
262144x9 
150 
260 
0.135/2.16 
• 
854 


HB561409-10 
100 
180 
60m/l.8 
• 
956 
HB56A 18-105 
100 
180 
• 
831 
HB56A 18-12S 
1048576x8 
120 
210 
20m/1.4 
• 
831 


HB56A 18-1OA 
100 
180 
20 
• 
831 
HB56A18-12A 
120 
210 
• 
831 


HB56A19-105 
100 
180 
5V 
• 
843 
HB56A 19-12S 
1048576x9 
120 
210 
20m/1.6 
• 
843 
HB56A 19-10A 
100 
180 
• 
843 
HB56A19'12A 
120 
210 
• 
843 


HB56C18-10 
1048576x8 
100 
190 
20m/1.8 
• 
843 


HB56C18-12 
120 
220 
• 
843 
DRAM 
HB56C18AT -8A 
CMOS 
80 
560 
88/3.08 
837 
Module 
HB56C18AT-10A 
100 
A80 
88/2.6A 
837 


HB56C18AT-12A 
120 
400 
88/2.20 
837 


HB56C19-8 
80 
630 
99/3465 
849 


HB56C19-10 
1048576x9 
100 
190 
22m/2.0 
849 


HB56C19-12 
120 
220 
849 
HB56C19AT -8A 
80 
630 
99/3465 
849 


HB56C19AT-10A 
100 
540 
99/2970 
849 


HB56C19AT-12A 
120 
450 
99/2475 
849 


HB56025608A-6H 
60 
180 
221990 
967 


HB56025608A-7H 
70 
160 
221880 
967 


HB56025608A-8A 
262,144 x 8 
80 
132 
22/726 
967 
HB56025608A-1OA 
100 
110 
221605 
967 
HB56025608A-12A 
120 
94 
221517 
967 


HB56025609A-85A 
85 
202 
33/1.11 
979 


HB56025609A-10A 
262,144 x 9 
100 
170 
33/.94 
979 


HB56025609A-12A 
120 
144 
33/.79 
979 
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Access 
Cycle 
Power 
Package " 
Mode 
Total 
Type No. 
Process 
Organization 
Time 
Time 
,",ply 
Dissipation 
Page 
(word x bit) 
(ns) 
(ns) 
"''''', 
IV) 
lJ'I) 
Max 
Max 
Pin No. 
G 
P 
FP 
SP 
ZP 
CG 
CP 
JP 
M 


HB56D25609B-85A 
85 
202 
33/1.11 
979 
HB56D25609B-l0A 
262,144 x 9 
100 
176 
33/.94 
30 
979 


HB56D25609B-12A 
120 
144 
33/.79 
979 
HB56025636B-85 
85 
160 
991 


HB56D25636B-l0 
262,144x36 
100 
190 
126/4.24 
991 
HB56D25636B-12 
120 
220 
72 
991 


HB56D51236B-85 
85 
160 
252/4.58 
1003 


HB56D51236B-l0 
524,288 
x 36 
100 
190 
252/3.91 
1003 


HB56D51236B-12 
120 
220 
252/3. 
36 
1003 
HB56A49-8 
80 
160 
99m14.455 
1027 
DRAM 
HB56A49-10 
CMOS 
4,194,304 
x 9 
100 
190 
99m13.96 
1027 
Module 
HB56A49-12 
120 
220 
99m14.405 
1027 


HB56A48-8 
80 
160 
5V 
88m!3.96 
30 
1015 
HB56A48-10 
4,194,304 
x 8 
100 
190 
88m13.52 
1015 


4M-b 
HB56A48-12 
120 
220 
88m13.08 
1015 


HB56D136-8 
80 
160 
126m15.25 
1039 
HB56D136-10 
1,045,576 
100 
190 
126m/4.62 
1039 
36 
HB56D136-12 
120 
220 
5V 
126m/3.99 
72 
1039 


HB56D236-8 
80 
160 
±5% 
252m/5.57 
1049 
HB56D236-10 
2,097,152 
100 
190 
252m14.94 
1049 
x36 
HB56D236-12 
120 
220 
252m14.31 
1049 


Access 
Supply 
Power 
Package " 
Total 
Organization 
Time 
Program 
Bit 
Type No. 
Process 
(word x bit) 
(ns) 
Vottage 
Dissipation 
Page 


Max 
(V) 
(W) 


PinHo. 
G 
P 
FP 


256k-b 
HN623257 
32768x8 
150 
• • 
1000 


HN623258 
200 
• • 
1003 


HN62331'3 
120 
• • 
1069 
HN62321 
150 
28 
• • 
1068 
HN62321B 
200 
• • 
1077 
lM-b 
HN62331E'3 
131072x8 
120 
• • 
1077 


HN62321E 
200 
• • 
1077 
HN62331A'3 
120 
32 
• • 
1069 


HN62321A 
150 
• • 
1080 


2M-b 
HN62422'3 
131072 x 16 
150 
40144 
• • 
1083 


Mask 
HN62412 
CMOS 
or 262144x8 
200 
• • 
1083 
HN62424'3 
150 
5+ 
5p10.1 
1087 
262144 x 16 
40144 
• • 
HN62404 
or 524288 x 8 
200 
• • 
1087 
HN62324B'3 
524288 x 8 
150 
32 
• • 
1091 
HN62304B 
200 
• • 
1091 
4M-b 
HN62414 
262144 x 16 
200/170 
40 
• 
1101 
or 524288x8 
200/170 
44/48 
• • 
1101 


HN62314 
512Kx8 
2001170 
32 
• • 
1107 


HN62444 
512Kx8 
100 
40 
• • 
1095 
256 x 16 
100 
44/48 
• 
1095 


8M-b 
HN62408'3 
524288 x 16 
200 
42/44 
• • 
1114 
orl048576x8 
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Access 
Supply 
Power 
Package ., 
Program 
Total 
Type No. 
Process 
Organization 
Time 
Vo~age 
Dissipation 
Page 
Bit 
(word x bit) 
(ns) 
(V) 
(W) 
Max 
Pin No. 
G 
P 
FP 


HN62308B 
1Mx8 
200 
32 
• • 
1119 


HN66403P 
1Mx8 
250 
• 
16M-b 
512Kx 
16 
51'10.1 
1123 
Electrically 
1048576 x 16 
42 


Erasable & 
HN624016-3 
or 20978152 x 8 
200 
• 
1127 
Programmable 


HN58C65-25 
250 
• • 
1138 
64k-b 
8192x8 
2m/20m 
HN58C66-25 
250 
• • 
1147 


256k-b 
HN58C256-20-' 
200 
• • 
1156 


HN27C256A-10-3 


CMOS 
100 
• 
1158 


HN27C256A-12-3 


32768x8 
120 
0.5,.10.1 


28 • 
1158 


256k-b 
HN27C256A-15-3 
150 
• 
1158 


HN27C256H-70 
70 
0.15 
• 
1166 


HN27C256H-85 
85 
• 
1166 


512k-b 
HN27512-25 
NMOS 
65538x8 
250 
50m/0.2 
• 
1176 


UV Erasable 
HN27512-30 
300 
• 
1176 
& Electrically 
HN27C1024H-85 
65536 x 16 
85 
0.2 
40 • 
1183 


Programmable 
HN27C1024H-10 
100 
• 
1183 


HN27C101-17 
170 
+5 
• 
1192 


1M-b 
HN27C101-20 
200 
• 
1192 


HN27C101-25 
CMOS 
131072 x8 
250 
0.5,.10.1 
32 • 
1192 


HN27C301-17 
170 
• 
1200 


HN27C301-20 
200 
• 
1200 


HN27C301-25 
250 
• 
1200 


256k-b 
HN27C256-25T 
32768x8 
250 
0.5,J50m 
• 
1209 


HN27C256-30T 
300 
• 
1209 


512k-b 
HN27512-25 
NMOS 
65536x8 
250 
50m/0.2 
• 
1215 


HN27512-30 
300 
• 
1215 


HN27C101-20 
200 
• • 
1222 
One Time 
HN27C101-25 
250 
• • 
1222 
Electrically 


HN27C301-20 
131072 x 8 
200 
1229 
Programmable 
32 
• • 


1M-b 
HN27C301-25 
CMOS 
250 
0.51'/0.1 
• • 
1229 


HN27C101-AG 
128k x 8 
15/12110 
• 
1237 


15/12 
• • • 
1237 


HN27C4096 
256k x 16 
12112110 
40 • 
1247 


12115 
44 
1247 
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Access 
Supply 
Power 
Package ., 
level 
Total 
Type No. 
Organization 
Output 
Time 
Voltage 
Oissipation 
Page 
Bit 
(\Wrd x brt) 
(ns) 
M 
Wl 
Max 
Pin No. 
G 
f 
CG 
JP 


HM10494-10 
16384x4 
10 
O.B 
2B • • 
1258 


64k-b 
HM10494-12 
12 
• • 
1258 


HM1049Q-10 
65536-1 
Open 
10 
.57 
22 • • 
1263 


ECl10K 
HM1049Q-12 
12 
-5.2 
• • 
1263 


HM10504-10 
65536x4 
10 
.50 
28 
• 
1267 


256k-b 
HM10504-12 
12 
• 
1267 


HM105OO-15-3 
262144 x 1 
15 
0.52 
24 • 
1269 


HM100494-10" 
16384x4 
10 
0.65 
28 • • 
• 
1273 


HM100494-12" 
12 
• • 
• 
1273 


64k-b 
HM10049Q-10 
15 
• • 
• 
1277 


HM10049Q-12 
65536 x 1 
20 
-4.5 
0.57 
22 • • 
• 
1277 


HM10049Q-15 
• • 
• 
1277 


HM1OO504F-10 
65536x4 
10 
.50 
28 
• 
1281 


256k-b 
HM100504F-12 
12 
• 
1281 


ECL100K 
HM100s0Q-18'3 
262144 x 1 
Emitter 
18 
0.5 
24/28 
• • • 
1282 


HM101494-10 
16384x4 
10 
.75 
28 • • 
1285 


HM101494-12 
12 
• • 
1285 


HM10149Q-10 
10 
.57 
22 • • 
1289 


64k-b 
HM10149Q-12 
12 
-5.2 
• • 
1289 


HM101504-10 
65536 x 1 
10 
• 
1293 


HM101504-12 
12 
• 
1293 


HM1015OQ-15'3 
,50 
24 
• 
1294 


Notes) 
'1. 
The pacl<age codes of G, F and CG and apptied to lt1e pacl<age matena! as follows. 


G; cerdip, F; Flat Package, CG; Ceramic Leadless Chip Garrier 


*2. 
Maintenance 
Only. This device is not available for new application. 


'3. 
Preliminary 


*4. 
Under Development 
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Up·16B 
1I~1502:l6P 
Series. II:\I:;0257P 
Series. 1L\1::>12::>6P 
Series. 1t:\151256LP Series. 1I!\1:i125XP Serit's 


Dp·IHB 
II:\I::>O-t6-tPSeries. IIM::>046SP Series 


II MS:lOSI p. IIM511000Ap 
Series. 
II ~1511111111SPSeries. 
1I~1SllIIOOllP 
Serie,. 
IIMSIIOOI 
AI' Series. 
IIMSllOOISp 
Serie,. 


DP·IHC 


IIM51\002AP 
Series. IIM511002SI) 
Series 


1I:\116168HPSeries. 1-I:vI616XHLP Series. HM626RP Series. IIM626RLP 
Series. HM6167P 
Series. 1I\116167LP Series. 
Up·20N 


IIM616111p 
Series. 
IIM61611lLl' 
Series. 
IIM6261p 
Serie,. 
IIM6261Lp 
Series 


IIM514256P 
Series. II:v1SI42:i6AP Series. I1M5142::>6SPSeries. 11:\115142561-11' 
Series. IIM:l1·12:lRIILI' 
Series. 


Dp·20NA 


H M5142SHSp 
Series 


DP·22N 
IIM62Hlp 
Series. 
HM6281Lp 
Series 


II~16288P 
Series. 
IIM6288Lp 
Series. 
1I~16188p 
Series. 
1I~161H811P Series. 
1I~162H7HP 
Series. 
llM6287HLp 
Series. 
DI'·22NB 


IIM6787P 
Series. 1I~1678711P 
Series 


Dp·24 
IIM61 16P Serie,. 
IIM6116Lp 
Series. 
IIM61 16Ap 
Series. 
IIM6116ALp 
Series 


Dp·24A 
HM53461P 
Series. IIMS3462P 
Series 


Dp·24N 
HM6116ASP 
Series, 
HM6116ALSp 
Series 


IIM6i16P 
Series, HM6719P 
Series. HM67R9P 
Series. IIM6n911P 
Series. IIM6211XI' Series. II!\I6208LP 
Series. IIM6211811P Series. 


DP·24NC 


IIM620811LP 
Series. 
HM6108P 
Series. 
IIM6201P 
Series. 
IIM6201Lp 
Series. 
IIM620711P 
Series. 
I1M6207HLl' 
Series. 
IIM6701p 
Series 


I1M6264p 
Series. 
IIM6264Lp 
Series. 
1I:>16264Lp·L 
Series. 
IIM6264AP 
Series. 
HM6264ALP 
Series. 
HM6264ALp·L 
Series. 


IIM62256p 
Series. 
IIM62256Lp 
Series. 
IIM62256Lp·L 
Series. 
HM65256AI' 
Series. 
HM65256Bp 
Series. 
HM65256BLP 
Series. 
Dp·28 


IIN623251p. 
IIN623258p. 
IIN62321p. 
II N62321BP. 
HN62:1311'. 
II N62321 EP. I1N6233IEp. 
11 '62321AP. 
IIN62331AP. 
II N51'1064 
1'. 


HN58C66p. 
IIN58C256p. 
IIN21128AP. 
IIN21256P. 
HN27512P 


HM6264AsI' 
Series. 
HM6264ALsP 
Series. 
IIM6264ALSp·L 
Series. 
IIM65256ASP 
Series. 
IIM65256BSp 
Series. 


Dp·28N 


IIM65256BLSI' 
Series. 
HM63021p 
Series 


I1M628128P 
Series. HM62XI28LP 
Series. HM658128DP 
Series. IIM65256ASP 
Series. II M65256BSp 
Series. 


Dp·32 


IIN21CIOIp 
Series. 
HN27C30lp 
Series 


Dp·40 
HN62412P. 
HN62422p. 
IIN62404p. 
HN62424p 


Dp·42 
HN62408P. 
HN624016p 
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1. STRUCTURE 
IC memories 
are basically classified 
into bipolar 


type and MOS type and utilized effectively by their 
characteristics. 
The characteristic 
of bipolar memo- 


ries is high speed but small capacity, instead, MOS 
memories 
have large capacity. 
There are also dif· 


ferences in circuit design, layout pattern, degree of 
integration, 
and 
manufacturing 
process. 
These 
memories have been produced with the standardized 
concept 
of design and inspection 
all through 
the 


+ 


Example 
of 


basic cell 
circuit 


Dies of IC memories are produced in various pack· 
ages. 
In this process of packaging, Hitachi has also 


innovated new techniques and ensured to high level. 
As packages for IC memories, cerdip (glass-sealed) 
packages and plastic packages are currently 
used. 
Also such packages as LCC (Leadless Chip Carrier) 
or SOP (Small Outline 
Package) have been devel· 


oped for high density 
packaging. 
Cerdip packages 


sealed hermetically 
are suitable for equipment 
re- 


quiring high reliability. 
Plastic packages are widely 


applied 
to 
many 
kinds 
of 
equipment. 
Hitachi 


plastic packages have been improved the reliability 


• 
Table 2 
Ie Memory Package Outline 


• Cerdip 


processes of designing, manufacturing 
and inspec· 


tion. 
IC memories 
are constituted 
by the unit patterns 


called cells, which are integrated 
in high density. 


The knowhows 
based on our experience have been 


applied in every production 
stage. 
In addition, 
reo 


liability has been ensured using TEG (Test Element 
Group) 
evaluation. 
Examples 
of cell circuits 
of 


bipolar and MOS memories are shown in Table 1. 


For 
microcomputer 
control 


level as highly as that 
of the hermetically 
sealed 


packages. 
Table 2 shows the outlines of the Hitachi 


packages. 
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Reliability 
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• 
Cerdlp (continued) 


- Plastic DIP 


.16 
Pin 


- LeadlessChip Carrier 


.20 
Pin 


-sop 


.24 
Pin 


- PLCC 
.18 Pin• 


-SOJ 


• 20/26/28/32 
Pin 
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2. 
RELIABILITY 


Results 
of reliability 
tests 
are listed 
below. 


2.1 
Reliability 
Test 
Data on Bipolar 
Memories 


The 
reliability 
test 
data 
on the bipolar 
memories 
are 


shown 
in Table 
3 and 
4. 
Since 
they 
are manufac- 


tured 
under 
the 
standardized 
design 
rules and quali- 


ty 
control, 
there 
is 
no 
difference 
in 
reliability 


among 
the 
various 
types. 
And 
the 
larger the capac- 


ity is, the higher 
the reliability 
per bit becomes. 


HMI0480·15 
HM2144CG 


Test item 
Test 
Sam· 
Total 
Fail- 
Failure 
Test 
Sam- 
Total 
Fail- 
Failure 


condition 
pies 
component 
UTes 
rate* 
condition 
pies 
component 
rate' 


hours 
O/hr) 
hours 
ures 
O/hr) 


High- 
Ta=125·C 
C.H. 
I/h 
Ta=125·C 
C.H. 
I/h 
temperature 
VEE=-5.2V 
340 
3.4xI0' 
0 
2.7xI0-· 
VEE=-5.2V 
120 
1.2x10' 
0 
7.7xI0-· 
(Operating) 


High-temp 
Ta=200·C 
351 
3.5IxI0' 
0 
2.6xI0-' 
Ta=200·C 
120 
1.2xlO' 
0 
7.7xI0-· 
storage 


HMI0480-15 
HM2144CG 
Test item 
Test condition 
Samples 
Failure 
Samples 
Failures 


Temperature 
cycling 
-55·C 
to +150·C, 10 cycle 
160 
0 
180 
0 


Soldering heat 
260·C, 10 seconds 
35 
0 
22 
0 


Thermal shock 
O·C to +IOO·C, 10 cycles 
50 
0 
50 
0 


Mechanical shock 
1500G, 0.5ms, Three times each for X, 
30 
0 
22 
0 
Y and Z 


Variable frequency 
100 to 200 Hz, 20G, Three times each 
40 
0 
22 
0 
for X, Y and Z 


Cons tan t·accelera tion 
20000G, I minute, each for X, Y and Z 
40 
0 
22 
0 


2.2 
Reliability 
test data 
on Hi·BiCMOS 
memory 
Hi·BiCMOS 
memory 
is newly 
designed 
based 
on the 


latest 
fine 
machining 
technologies 
(2m 
~ 
1ml, 


which 
features 
low 
electric 
consumption 
/ 
high 


integrity 
by CMOS 
and 
high speed 
/ high drivability 


by bipolar. 
This device 
also attains 
high speed 
close 


to 
ECL 
and 
low 
electric 
consumption 
as CMOS. 
Input 
and output 
level supports 
both 
ECL and TTL. 


Reliability 
test 
data 
of HM100490-15 
(64k-words 
x 


1-bit) 
and 
HM6788P-25 
(16k-words 
x 4-bits) 
are 


listed 
in table 
5 and table 
6. 


The 
above 
shows 
the 
sufficient 
reliability 
of high 


speed 
Hi-BiCMOS 
in 
the 
normal 
use 
with 
some 
limitations 
considered 
from 
its 
own 
circuit 
com- 


position. 
For 
further 
information, 
see 
each 
data 


sheet. 
Besides 
the 
caution 
points 
with 
CMOS 
and 
bipolar 
device, 
avoid 
abnormal 
use 
as in deformed 
or 
slow 
wave 
form 
which 
causes 
malfunction 
and 


latch 
up. 


HMI00490·15 
(Cerdip) 
HM6788p·25 
(Plastic) 


Test item 
Test 
Total test 
Failure 
Test item 
Test 
Sample, 
Test test 
Failure 
Remarks 


condition 
Samples 
time 
Failures 
rate 
condition 
time 
Failures 
rate 


High· 
tempera- 
Ta ~ 125·C 
I/h 
'I 
High- 
ture 
420 
C.H. 
1'1 
foreign 
tempera- 
pulse 
VCC= 5.0Y 
4.2xI0' 
4.8xI0'· 
matter 
Ta = 125·C 
C.H. 
I/h 
opera- 
ture 
380 
0 
tion 
pulse 
VEE=-4.5Y 
3.8xI0' 
2.4xI0'· 


opera- 
Moisture 
85·C 85%RH 
tion 
endur- 
5V 
210 
2.lxI0' 
0 
4.8xI0'· 
ance 


High- 
Ta=200·C 
330 
3.3xI0' 
0 
3.0xI0'· 
Pressure 
121·CIOO%RH 
80 
0.16xl0' 
0 
6.3xI0" 
temp. 
cooker 
storage 
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Test condition 
HM100490·15 (Cerdip) 
HM6788p·25 (plastic) 
Test item 
Samples 
Failure 
Samples 
Failure 


Temperature 
cycling 
-55°C - -150°C 
100 cycles 
180 
0 
180 
0 


Soldering heat 
250°C 10 seconds 
22 
0 
22 
0 


Thermal shock 
O°C - 100°C 10 cycles 
50 
0 
50 
0 
- 
Mechanical shock 
1500G, 0.5ms Three times each 
22 
0 
- 
- 
for X, Y and Z 


Variable frequency 
100 - 200Hz, 20G Three times each 
22 
0 
- 
- 
for X, Y and Z 


Constant acceleration 
20000G, 1 minute, each 
22 
0 
- 
- 
for X, Y and Z 


2.3 
Reliability test data on MOS memories 


2.3.1 
Reliability 
test 
data 
on 
MOS 
DRAM 
and 


SRAM 
Table 7 and table 8 shows the reliability 
test data on 


the representative 
types of 1M DRAM 
(HM511000/ 


HM514256), 
256k 
SRAM 
(HM62256) 
1M SRAM 


(HM628128FP). 


The 
life 
test is performed 
at high temperature 
and 


high voltage 
to evaluate 
the 
reliability 
of products 


using 
fewer 
samples. 
All 
failures 
are 
caused 
in 


manufacturing 
process, so we feedback the data into 


manufacturing 
process to 
improve 
the quality 
and 


reliability. 


HM511000P/HM514256P 
HM511OOOJP/HM514 256JP 
Test 
Series (DIP) 
Series (SOP) 
Test item 
condition 
Failure 
Failure 
Remarks 


Sam- 
Total 
Fail· 
rate* 
Sam· 
Total 
Fail· 
rate* 
pies 
test time 
ures 
(l/hr) 
pies 
total time 
ures 
(l/hr) 


125°C/5.5V 
300 
6.00x10' 
0 
1.53x10'· 
200 
4.00x10' 
0 
2.30xlO'· 
High· 
temperature 
125°C/7V 
1252 
4.50x10' 
1* 
4.48x10'· 
3186 
9.34x10' 
0 
9.85x10'7 
pulse operation 
150°C/7V 
200 
4.00x10' 
0 
2.30x10'· 
200 
4.00x10' 
0 
2.30x10'· 
*1 
Oxide film 
Moisture 
85°C 85% RH 420 
8.40x10' 
0 
1.10x10'· 
682 
1.36x10· 
6.74x10'7 
Failure 
xl 
endurance 
5.5V 
0 


Pressure 
121°C/100% 
150 
4.50x10· 
0 
2.04x10"' 
200 
6.00x10· 
0 
1.53x10" 
cooker 
RH 


HM62256FP (SOP) 
HM628128FP (SOP) 


Test item 
Test 
Failure 
Failure 
Remarks 
condition 
Sam· 
Total 
Fail· 
rate* 
Sam· 
Total 
Fail· 
rate* 
pIes 
test time 
ures 
(l/hr) 
pies 
total time 
ures 
(l/hr) 


125°C/5.5V 
3088 
3.llxI0· 
0 
8.88xI0'7 
1038 
1.04x10· 
0 
8.86x10-7 
High· 
125°C/7V 
*1 
temperature 
455 
4.55x10' 
0 
2.02x10'· 
951 
5.33xlO' 
1*' 
3.79xlO'· 
Foreign x 2 
pulse operation 
150°C/7V 
103 
1.00x10' 
1*' 
2.02x10" 
80 
1.60x10' 
0 
5.75x10'· 


Moisture 
85°C/85% 
680 
6.80x10' 
0 
1.35x10-· 
127 
2.54x10' 
0 
3.62xlO'· 
*2 Leak x 1 


endurance 
RH7V 


Pressure 
121°C/100% 
320 
6.40x10· 
1*' 
3.16x10" 
90 
2.70x10· 
0 
3.41x10" 
cooker 
RH 


@HITACHI 
HitachiAmerica,Ltd.• HitachiPlaza· 2000 SierraPointPkwy.• Brisbane,CA94005-1819• (415)589-8300 


2.3.2 Reliability Test Data on EPROM 
EPROM has two types; conventional 
EPROM with 


transparent 
window 
and 
one time programmable 
ROM (OTPROM) packaged in plastic package. Table 


9 shows reiiability test data on the representative 
EPROM 
types 
512k 
EPROM 
(HN27512, 
HN27512Pl. 
1M EPROM (HN27Cl0l, 
HN27C301). 


HN27512 (Cerdip/Plastic) 
HN27CIOI/HN27C301 


Test item 
Test 
Failure 
Failure 
Remarks 
condition 
Sam· 
Total 
Fail· 
Sam- 
Total 
Fail- 
pies 
test time 
ures 
rate* 
pies 
total time 
ures 
rate* 
O/hr) 
O/hr) 


High- 
125°CI5.5V 
200 
3.72xIO' 
0 
2.47xI0" 
180 
3.24x1O' 
0 
2.84xI0-' 


temperature 
125°C/7V 
530 
7.95xlO' 
0 
1.l6xI0" 
327 
6.54x1O' 
0 
1.4IxI0-' 
*1 
operation 
Data 
175°C 
260 
4.91x1O' 
0 
1.87xI0" 
150 
7.5x1O' 
0 
1.23xI0" 
dissipation x 49 
High- 
temperature 
200°C 
240 
3.72xIO' 
1*1 
5.43xI0" 
130 
6.49x1O' 
1*1 
3.11xI0" 


bake 
250°C 
1.89xlO' 
7*1 
180 
4.44xI0-' 
110 
3.07x1O' 
40*1 
1.30x40'· 


Moisture 
85°C/85% 
290 
5.22x1O' 
0 
1.76xI0-' 
endurance 
RH 5.5V 
- 
- 
- 
- 
Data of 512K 
OTPROM 


Pressure 
121°C/IOO% 
50 
O.IOxIO' 
0 
9.20xI0" 
cooker 
RH 
- 
- 
- 
- 


The failure shown in table 9 is due to the data dis· 
sipation 
in memory 
cells. 
Getting thermal energy, 


electrons 
in memory 
cells are activated 
and go 
through the floating gate. 
In actual usage, however, 


it has no problem 
because this phenomenon 
de- 


pendes 
on temperature 
(about 
1.0eV of activated 


energy) 
greatly. 
The 
moisture 
resistance 
of 


OTPROM is also satisfactory. 


Temperature 


Electrical Characteristics, 
Function Test 
Increase of leak current 
and others 


Results: 
The result from high temperature 
baking of PROM 


is shown in the right figure. 


Table 
10 shows the example 
of PROM derating. 


When derating, 
the parameter 
is generally only the 
temperatu re because other operating cond itions are 
specified. 
Especially to lower the junction tempera' 


ture during mounting is important for stabilizing the 
operation 
relative to access time, refresh time and 
other characteristics. 


10' 


10' 


10' 
~ 
~ 
:> 
10' 


10' 


10' 


Note: 
Decreasing junction 
temperature 
shown in the figure will promise the h_iiher reliability. 
The junction 
temperature 
can be calculated 
by a formula: 
Ti = Ta + Bia' Pd 
Bia in about 
1OO°CfWwith no air flow and about 
60 to 


70°CfW 
with 2.S m/s air flow. 
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2.3.3 
Reliability 
Data on MASK 
ROM 


Table 
9 shows 
the 
reliability 
test 
data 
on 
2M and 


4M 
bit 
MASK 
ROM. 
MASK 
ROM 
is patterned 
ac- 


cording 
to 
ROM 
information 
in 
manufacturing 
process, 
so 
data 
dissipation 
isn't 
occurred 
in high 
temperature 
like EPROM 
and EEPROM. 


HN62412P (Plastic) 
HN62404P (Plastic) 


Test item 
Test 
Sam- 
Total 
Fail- 
Failure 
Sam- 
Total 
Fail- 
Failure 
Remarks 
condition 
rate" 
rate" 
pies 
test time 
ures 
O/hr) 
pies 
test time 
ures 
o /hr) 
High-temp. 
125°C/5.5V 
- 
- 
- 
- 
200 
4.0xl0' 
0 
'l.3"\()' 
pulse 
125°C/7V 
120 
1.2x10' 
0 
7.67xl0-· 
300 
3.0xl0' 
0 
3.0xI0-· 
operaton 


Moisture 
85°C/85% 
120 
1.2xl0' 
0 
7.67xI0'" 
120 
1.20xl0' 
0 
7.67xI0'" 
endurance 
RH 5.5V 
Pressure 
121°C/ 
45 
2.3xlO' 
0 
4.lxl0-' 
45 
2.3xl0' 
0 
4.1xl0-' 
cooker 
100%RH 


2.3.4 
Reliability 
Data 
on MaS 
Memory 
(The 
result 


of environment 
test) 


Table 
12 shows 
examples 
of each 
environment 
test 
data. 
They 
show 
good 
results 
without 
any 
failure 
even in severe environment. 
VTH 
of 
MaS 
transistor 
is one of the 
basic 
process 


parameters 
in MaS 
memory, 
which 
has 
almost 
no 


change 
using 
surface 
stabilization 
technology 
and 
clean 
process. 
Figure 
4 shows 
the examples 
of time 


changes 
for 
1M 
DRAM; 
Voo 
min. 
(Vmin) 
and 
access 
time 
(tRAC) 
in high 
temperature 
pulse 
test. 


HM511000P HM511000JP HM62256FP HM628128FP 
EPROM 


Test item 
Test condition 
(DIP) 
(SOJ) 
(SOP) 
(SOP) 
(Cerdip) 


Remarks 
Sam- 
Fail- 
Sam- 
Fail· 
Sam- 
Fail- 
Sam- 
Fail- 
Sam- 
Fail· 


pIes 
ure 
pies 
ures 
pies 
ures 
pies 
ures 
pies 
ures 


Temperature 
cycling 
_55°C to 150°C 
3755 
0 
2786 
0 
3328 
0 
710 
0 
2790 
0 
10 cycle 


Temperature 
cycling 
_55°C to 150°C 
150 
0 
200 
0 
482 
0 
105 
0 
450 
0 
500 cycle 


Thermal shock 
_65°C to 150°C 
77 
0 
100 
0 
76 
0 
77 
0 
80 
0 
15 cycle 


Soldering heat 
260°C, 
22 
0 
22 
0 
22 
0 
22 
0 
22 
0 
10 seconds 
Mechanical shock 
1,500G,O.5ms 
- 
- 
- 
- 
- 
- 
- 
- 
38 
0 


Variable frequency 
100 to 2,OOOHz 
- 
- 
- 
- 
- 
- 
- 
- 
38 
0 
20G 
Constan t-accelera tion 
6000G 
- 
- 
- 
- 
- 
- 
- 
- 
38 
0 
"6,OOOG 


2.4 
Change 
of Electrical 
Characteristics 
on IC 
Memory 


The 
degradation 
of 
ICBO 
and 
hFE 
are 
the 
main 
factors 
of 
degradation 
in 
inner 
cell 
transistor 
of 


bipolar 
memory. 
In actual 
element 
designing, 
how- 


ever, 
it is designed 
to operate 
in the 
range at which 


no 
degradation 
happen. 
Therefore 
no 
change 
of 


characteristics 
including 
access 
time 
are 
observed. 


Time 
dependence 
in access 
time 
for 
HM10470 
are 
shown 
in Fig. 1. 
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Example 
Example of time change in access time for Bipolar memory 


Device 
name 
HMI0480-15 


Test condition 
Ta = 125°C, VEE = -5.2V 


Failure criteria 
tAA = 15ns 


Failure mechanism 
Surface degration 
Test Condition 
20 
V,,= 
-5.2V 
2 MaxImum 


Results: 
Ta=25'C 
Ave :age 
Access time is stabilized. 
Marcnin~ 
Paltern 
MinImum 


15 
-~-- 
~ 
10 


5 
L 
I 
I 
! 
I' 
! 
0 
500 
1,000 
2,000 


i! 
Time 
I t'lrl 
i 


I 


Example 
Example of time change in access time for Hi-Bi CMOS memory 


Device name 
HMlOO490 


Test condition 
Ta = 125°C, VEE=-4.5V 
all bit scanning 


Failure criteria 
tAA = 15ns 
Tttt 
CoacIitioD 
20 
V,,=-4.5V 
Failure mechanism 
Surface degradation 
Ta=25'C 
2 "wmom 


~lard\lnl 
Patttrn 


:\\~r.l!~ 
Results: 
~llnimum 
Access time is stabilized. 


15 
'" 
co 


~ 
.. 


10 


5 
l' 
I 
I 
, 
\;- 


0 
500 
1,000 
2,000 


T,,,,, 'hrl 
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Example 
Examples 
of time 
change 
in Vee min and tAA for Hi-Bi CMOS 


memory 


Device 
name 
HM6788P-25 
5 


Test condition 
Ta= 
125°C, 
Vee=5.0V 
4 
all bit scanning 
~ 
~ 
Failure 
criteria 
Vee = 4.5V, 
tAA = 25ns 
c 
3 
E 


Failure 
mechanism 
Surface 
degradation 
u 2 
Test 
Condition 
u 
> 
~ 
Maximum 
Results: 
1 
Vcc=5V 
Average 
Both 
of Vee (min) 
and tAA are stabilized. 
Ta=25't 
Minimum 
0 
Marching 
Pattern 


0 
500 
1,000 
2,000 


Time 
(he) 


'30 
Test 
Condition 
Same 
as above 


25 


'"c 


~ 


<< 
20 


15 


0 
500 
1,000 
2,000 


Time 
(he) 


Example 
Example 
of time 
change 
in VDD min and tRAe 
for MOS memory 


Device 
name 
HM511000P 


Test 
condition 
Ta=125°C, 
Vee=7V 
s 


all bit scanning 


Failure 
criteria 
VDD = 4.5V, 
t>.VDD = I.OV 
• 


Failure 
mechanism 
Surface 
degradation 
~ 
3 
~ 
~ 
~ 
2 


Results: 
.~ 


Access 
time 
(tAA) 
is stabilized 
and is within 
the failure 
~ 2 
Test Condition 


criteria. 
Marching 
pattern iMaximum 
Average 
1 
Ta=2S·C 
Minimum 
N~2oopcs 


0 
. 
0 
500 
1,000 
2,000 
Time 
(hr) 


110 
Test Condition 
Same as above 


100 


:! 
90 


~ 80 t 
1 
I 
I 


Note: 
Test accuracy 
is 0.2V, 
2ns. 


70 


60 
, 
0 
500 
1,000 
2,000 


Time 
(hr) 
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2.5 Failure Mode Rate 
Figure 
5 and 6 show examples 
of failure 
mode 
happened 
in users' application. 
Since IC memories 
require the finest 
pattern 
process technology, 
the 
percentage 
of failures, such as pinholes, defects on 
photoresist 
and foreign materials, tends to increase. 
To 
eliminate 
the 
defects 
in the 
manufacturing 


3.1. 
Reliability 
Characteristics 
for Semiconductor 
Devices 
Hitachi semiconductor 
devices are designed, manu- 
factured 
and inspected so as to achieve a high level 
of reliability. 
Accordingly, system reliability can be 
improved by combining highly reliable components 
along 
proper 
environmental 
conditions. 
This 
section 
describes 
reliability 
characteristics, 
failure 
types 
and 
their 
mechanisms 
in terms of devices. 
First, 
semiconductor 
device 
characteristics 
are 
examined in light of their reliability. 
(1) Semiconductor 
devices are essentially structure 
sensitive as seen in surface phenomenon. 
Fab- 


ricating the device requires precise control of a 
large number of process steps. 


(2) 
Device reliability 
is partly 
governed 
by elec- 
trode materials and package materials, as well as 
by the coordination 
of these materials with the 
device materials. 


(3) 
Devices employ 
thin-film 
and fine-processing 
techniques 
for metallization 
and bonding. 
Fine 
materials 
and 
thin 
film 
surfaces 
sometimes 
exhibit physically different characteristics 
from 
the bulks. 


process, 
Hitachi 
has 
improved 
the 
process 
and 
performed 
100% burn in screening under high tem- 


perature. 
Hitachi has been collecting and checking 
customers' 
process-data 
and 
marketing 
data 
for 
higher reliability of our products. 
To analyze them 
is very helpful for the improvement of designing and 
manufacturing. 


(4) Semiconductor 
device 
technology 
advances 
drastically: 
Many 
new 
devices 
have 
been 
developed 
using new processes 
over a short 


period of time. 
Thus, conventional 
device re- 


liability data cannot be used in some cases. 


(5) Semiconductor 
devices 
are 
characterized 
by 
volume 
production. 
Therefore, 
variations 
should be an important consideration. 
(6) 
Initial 
and 
accidental 
failures 
are only 
con- 
sidered 
to 
be 
semiconductor 
device 
failures 
based on the fact that semiconductor 
devices 
are 
essentially 
operable 
semipermanently . 


However, wear failures caused by worn mate- 
rials and 
migration 
should 
be also reviewed 
when electrode 
and package materials are not 
suited for particular environmental 
conditions. 
(7) Component 
reliability 
may depend 
on device 
mounting, conditions for use, and environment. 
Device reliability is affected by such factors as 
voltage, electric field strength, current density, 
temperature, 
humidity, 
gas, dust, 
mechanical 
stress, vibration, 
mechanical shock, and radia- 
tion magnetic field strength. 
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Speidied failure rate 
-------------- ----- 
I 
II 
I 
Random failure region 
I 
: ConstAnt failure rates (m = 1) 


I 
I 


I 
I1m. Weibull distribution 
: 
form parameter 
I, 
I 
I 


Device reliability is generally represented by the 
failure rate. 
'Failure' 
means that a device loses 
its function, 
including intermittent 
degradation 
as well as complete destruction. 
Generally, 
the 
failure 
rate 
of electric 
com- 


ponents 
and equipment 
is represented 
by the 
bathtub 
curve shown in Fig. Z. For semicon- 
ductor 
devices, the configuration 
parameter of 
the Weibull distribution 
is smaller than 1, which 
means 
an 
initial 
failure 
type. 
Such 
devices 
ensure a long lifetime unless extreme environ- 
mental stress is applied. 
Therefore, 
initial and 
accidental 
failures can become a problem 
for 


semiconductor 
devices. 
Semiconductor 
device 


reliability can be physically represented 
as well 


as statistically. 
Both aspects 
of failures have 


been thoroughly 
analyzed 
to establish a high 
level of reliability. 


3.2 
Failure Types and Their Mechanisms 
3.2.1 Failure physics 
Failure physics 
is, in a broad sense, a basic tech- 
nology of "physics 
+ engineering". 
It is used to 
examine the physical mechanism of failures in terms 
of atoms and molecules to improve device reliabili- 
ty. 
This physical approach was introduced 
to the 
reliability field with the demand for minimized de- 
velopment 
cost and period, as technology 
rapidly 
developed 
and 
system 
performance 
increased, 
re- 


quiring more complex and higher levels of reliabili- 
ty. 
These conditions 
derived from the development 
of solid state physics (semiconductor 
physics) after 
World War II and associated device development. 
Failure physics have been employed to: 
1) Detect failed devices as soon as possible 
2) Establish 
models 
and equation 
used for failure 
prediction 


3) Evaluate 
reliability 
in short periods by acceler- 
ated life test 
The purpose of the failure physics approach 
is to 


contribute 
to 
reliability 
related 
fields 
such 
as 
product 
design, prediction, 
test, storage and usage 
by adding physics as a basic technology 
to conven- 


tional experimental 
and statistical approaches. 


3.2.2 Failure types and their mechanism 
Device 
failures 
are 
physically 
discussed 
in 
this 
section. 
Semiconductor 
device failures are basically 
categorized 
as 
disconnection, 
short-circuit, 
de- 


terioration 
and 
miscellaneous 
failures. 
These 
failures and their 
causes are summarized 
in Table 
11. Typical failure mechanisms are reviewed next. 
(1) Surface Deterioration 
The pn junction 
has a charge density 
of 1014 
- 
1020 fcm3. 
If charges exceeding 
the above density 
are accumulated 
on the pn junction 
surface, partic- 
ularly 
adjacent 
to 
a 
depletion 
layer, 
electric 
characteristics 
of the 
junction 
tend 
to be easily 


varied. 
Although 
the 
surface 
of such devices as 
planar transistors 
is generally covered with a Si02 


film and is in an inactive state, the possibility 
of 


deterioration 
caused by surface channels still exists. 


Surface 
deterioration 
depends 
heavily on applied 
temperature 
and voltage and is often handled by the 


reaction model. 
One example of recent failures is surface deteriora- 
tion 
caused 
by 
hot 
carriers. 
Hot 
carriers 
are 


generated 
when 
such 
devices 
as NlOS dynamic 
RAMs are operated at a voltage near the minimum 
breakdown 
voltage BVos by raising internal voltage 


and when a strong electric field is established near 
the MOS device's drain resulting from reduced de- 
vice geometry from 2 /.1mto 0.8/.1m. Generated hot 
carriers may affect surface boundary 
characteristics 


on a part of the gate oxide film, resulting in de- 
gradation 
of threshold 
voltage IVTH) 
and counter 


conductance 
(gm). 
Hitachi devices have employed 


improved design and process techniques 
to prevent 


these problems. 
However, as process becomes finer, 


surface deterioration 
may possibly become a serious 


problem. 
(2) 
Electrode-related 
Failures 
Electrode-related 
failures have become increasingly 


important 
as multi-layer 
wiring has become more 


complicated. 
Noticeable 
failures 
include 
electro· 


migration 
and AI wiring corrosion 
in plastic sealed 
packages. 
CD 
Electromigration 
This is a phenomenon 
in which metal 
atoms are 
moved 
by 
a large current 
of about 
106 A/cm2 


supplied to the metal. 
When ionized atoms collide 


with 
current 
of 
about 
scattering 
electrons, 
an 
'electron 
wind' is produced. 
This wind moves the 
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metal 
atoms 
in the 
opposite 
direction 
from 
the 
current 
flow, which generates 
voids at a negative 
electrode, 
and hillock and whiskers at an opposite 
one. 
The generated voids increase wiring resistance 
and cause excessive currents to flow in some areas, 
leading to disconnection. 
The generated 
whiskers 
may cause shortcircuits 
in multi-metal line. 
@ 
Multi-metal line related failures 
Major 
failures 
associated 
with 
multi-metal 
line 
include increased leak currents, shortcircuits 
caused 
by 
a 
failed 
dielectric 
interlayer, 
and 
increased 
contact 
metal resistance and disconnection 
between 
metal wirings. 
@ AI line corrosion and disconnection 
When Plastic encapsulated 
devices are subjected to 
high-temperatures, 
high-humidity 
or a bias-applied 
condition, 
AI electrodes 
in devices can cause corro- 
sion or disconnection 
(Fig. 8). Under high-tempera· 
ture 
and 
high-humidity, 
corrosions 
are randomly 


generated over the element surface. 
However, after 
an extended 
period of time, the corrosions have not 
significantly 
increased. 
Accordingly, 
this failure is 
possibly 
due 
to an initial failure associated 
with 
manufacturing. 
It is also verified that this type of 
failure can be generated when the adhesion surface 
between an element and resin is separated or when 
foreign materials are attached 
to the element with 
human saliva. 
Under a bias·appllied, high-tempera- 
ture, 
high-humidity 
condition, 
on the other hand, 
corrosions 
are generated 
in higher potential 
areas 
while 
in 
lower 
potential 
areas, 
grain 
corrosion 
occurs. 
Once this failure occurs in part of a device, 
the device can become worn out in a relatively short 
time. 
This failure proves to depend on the hydro- 


scopic volume resistivity of sealed resin. The AI line 
corrosion mechanism described above is summarized 
in Fig. 9. 
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(3) 
Bonding related failures 


CD Degradation caused by intermetallic formation 
Bonding strength degradation and contact resistance 
increase are caused by compounds 
formed 
in con- 
nections 
between 
Au wire and AI film or between 
Au film and AI wire. 
These are the most serious 
problems 
in terms 
of reliability. 
The compounds 
are formed rapidly during bonding and are increased 
through 
thermal 
treatment. 
Consequently, 
Hitachi 
products 
are 
subjected 
to 
a 
lower-temperature, 
shorter·period 
bonding whenever possible. 
<l> 
Wire creep 
Wire creep is wire neck destruction 
in an Au ball 
along 
an intergranular 
system 
occurring 
when 
a 
plastic 
sealed 
device is subjected 
to a long-term 
thermal 
cycling 
test. 
This 
failure 
results 
from 
increased 
crystal 
grains 
due 
to 
heat 
application 
when forming a ball at the top of an Au wire, or 
from 
an impurity 
introducing 
to the intergranular 
system. 
Bonding under 
usual conditions 
with no 
loop 
configuration 
failures 
does 
not 
cause 
this 
failure unless a severe long-term thermal cycling test 
is applied. 
Accordingly, wire creep is not a problem 
in actual usage. 
® Chip crack 
With the 
increase in chip size associated with the 
increased number 
of incorporated 
functions, 
more 
problems have been occurring during assembly, such 
as chip cracks during 
bonding. 
Bonding methods 


include Au-silicon eutectic, soldering and Ag-paste. 
Soldering 
and 
Ag-paste 
exhibit 
few 
chip 
crack 
problems. 
For Au-silicon eutectic, in contrast, large 
stress is applied to a pellet due to its strength and 
high temperature 
resistance for attachment, 
which 
may result in critical chip defects. 
Today, the chip 
destruction 
limit 
can 
be determined 
by 
finite- 


element 
analysis 
and 
by distortion 
measurement 
using 
a fine 
accuracy 
gauge. 
Ideally, 
Au-silicon 
eutectic 
should 
be evenly applied 
over the entire 
surface. 
However, 
this 
is difficult 
due 
to 
the 
existence of a silicon oxide film on the silicon back 
surface. 
Therefore, 
specifications 
for 
Au-silicon 
eutectic 
have 
been 
established 
based 
on 
stress 
analysis and thermal cycling test results. 
@) 
Reduced maximum power dissipations 
For 
power 
devices, 
heat 
fatigue 
due 
to thermal 
expansion 
coefficient 
mismatch 
among 
different 
materials 
deteriorates 
thermal 
resistance. 
This 
results in decreased maximum power dissipations. 
(4) Sealing related failures 
Hermetic 
sealing packages, including 
metal, glass, 
ceramic, and all other types, have the possibility of 
the following failures. 
1. AI line corrosion on the chip surface due to slight 
moisture 
and 
reaction 
between 
the 
different 
ionized materials. 
2. Intermittent 
moving foreign metals short 
3. AI line corrosion due to extraneous 
H20 caused 
by hermetic failure 
Moving foreign 
matter, 
even if it is a non·active 
solid, can be charged up within a cavity during move· 
ment, thereby 
inducing parastic effects and metal 
shorts. 
The 
foreign 
matter 
detection 
method 
is 
specified by MIL-STD-883C, PIND (Particle Impact 
Noise Detection) 
Test. 
The PIND test consists of 
filtering 
a particle 
impact 
waveform 
(ultrasonic 
waveform). 
detecting 
it with 
a microphone, 
and 
then amplifying. 
(5) 
Disturbance 
CDElectrostatic discharge destruction 
Destruction 
caused 
by electrostatic 
discharge 
is a 
problem 
common 
to 
semiconductor 
devices. 
A 
recent report introduced three modes of this failure; 
the human body model, charged device model and 
field induced model. 
The human body is easily charged. 
A person just 
walking across a carpet can be charged up to 15000 
V. This voltage is high enough to destroy a device. 
An equivalent 
circuit of the human body model is 
shown in Fig. 10. The human body's capacitance 
Cb and resistance 
Rb are 100 to 200 pF and 1000 
to 2000n, respectively. 
Assuming a body is charged 
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with 
2000V, 
the dissipated 
energy 
is obtained 
as 


follows: With a time constant of 10-7 sec, the dis- 
sipated energy is 2 KW, which is enough to destroy 
a small area of a chip. 


a - 
Human Body Capacity 


Rh - 
Human Body Resistance 


Rd - 
Device Resistance 


Rc - 
Resistance Between Device and Ground 
1 
E= 
2" CbY' 
=0.2 
X 10"'J 


Figure 12 
Equiv.l.nt 
circuit of hum.n 
body model 


In the charged device model, charges are accumulat- 
ed in a device, not a human body, and discharged 
through contact 
resistance during a short time. The 
equivalent circuit of this model is shown in Fig. 13. 
Device size and device position relative to GND are 
important 
parameters in this model since the model 
depends on device capacity. 
In the field induced 
model a device is left under a 


strong electric 
field or is affected 
by neighboring 


high voltage material. 
Since the capacitor of device 


or lead of device acts like an antenna, the following 
cases will possi bly cause destruction. 
1) a device is 


incorporated 
into 
a high electric 
field such as a 


CRT, 
2) a device is left under 
a high-frequency 


electric field and 3) a device is moved with a con- 
tainer charged at high voltage, such as a tube. 


CV 
Latch up 


Latch up is a problem 
unique 
to CMOS devices. 


This problem is a thyristor 
phenomenon 
caused by 


a parasitic 
PNP or NPN transistor 
formed 
in the 


CMOS configuration. 
Latch 
up occurs 
when an 
accidental 
surge 
voltage 
exceeding 
a maximum 


rating, a power supply ripple, an unregulated power 
supply 
and noise is applied, 
or when a device is 
operated 
from two sources having different 
set-up 


voltages. 
These 
cases can cause input 
or output 


current to flow in the opposite direction from usual 
flow, which triggers parasitic thyristors. 
This results 


in excessive current flowing between a power supply 


and ground. 
This phenomenon 
continues 
until the 


power is off or the flowing current is forced to be 
reduced to a certain level. Once latchupoccursin 
an 
operating device, the device will be destroyed. 
Much effort should be made in designing circuits to 
prevent 
latch 
up. 
Latch 
up triggering 
input 
or 
output 
currents 
start to flow under the following 
conditions. 


Vin <Vcc or Vin < GND for input level 
Vout> 
Vcc or Vout < GND for input level 
Therefore, 
circuits 
should 
be designed so that 
no 


forward current flows through the input protection 
diodes or output parasitic diodes. 
® 
Soft errors 
When 
Q particles 
are generated 
from 
uranium 
or 


thorium 
in a package the silicon surface of an LSI 
chip, electron-hole 
pairs are formed 
which act as 


noise to data lines and other floating nodes, causing 
temporary 
soft errors. 
This phenomenon 
is shown 


in Fig. 14. Only electrons from among the electron- 
hole pairs are only collected to a memory cell. As a 
result, the cell changes from a state of 1 to 0, which 
is a soft error. 
Hitachi devices have been subjected 
to simulation 


and irradiation tests to prevent soft errors. 
In some 


cases, organic material, PIO, is applied to the surface 
of the device. 


Figure 14 
Soft error ceused bv " p.rticles 
in dynemic 


memory 
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Failure related causes 
Failure mechanisms 
Failure modes 


Passivation 
Surface oxide film, 
Pin hole, Crack, Uneven 
Withstanding voltage 


Insulating film between 
thickness, Contamination, 
reduced, Short, Leak 
wires 
Surface inversion, 
current increased, 


Hot carrier injected 
hFE degraded, Threshold 
voltage variation, Noise 


Metallization 
Interconnection, 
Flaw, Void, Mechanical 
Open, Short, 


Contact, Through hole 
damage, 
Resistance increased 
Break due to uneven 
surface, Non-Qhmic 
contact, Insufficient 
adhesion strength, 
Improper thickness, 
Electromigration, 
Corrosion 


Connection 
Wire bonding, 
Bonding runout, 
Open, Short 
Ball bonding 
Compounds between metals, 
Resistance increased 


Bonding position mismatch, 
Bonding damaged 


Wire lead 
Internal connection 
Disconnection, 
Open, Short 


Sagging, Short 


Diffusion, Junction 
Junction diffusion, 
Crystal defect, 
Withstanding voltage 


Isolation 
Crystallized impurity, 
reduced, Short 
Photo resist mismatching 


Die bonding 
Connection between die 
Peeling chip, Crack 
Open, Short, Unstable 
and package 
operation, 
Thermal 


resistance 
increased 


Package sealing 
Packaging, Hermetic 
Integrity, 
Short, Leak current 
Seal, Lead piating, 
moisture 
ingress, 
Increased, Open, Corrosion 
Hermetic pakage & 
Impurity gas, High 
disconnection, 
Soldering 
plastic package, Filler gas 
temperature, 
Surface 
failure 
contamination, 
Lead 


rust, Lead bend, break 


Foreign matter 
Foreign matter in package 
Dirt, Conducting foreign 
Short, Leak current 


matter, Organic carbide 
increased 


Input/output 
pin 
Electrostatistics, 
Electron destroyed 
Short, Open, Fusing 
Excessive Voltage, Surge 


Disturbance 
'" particle 
Electron hole generated 
Soft error 


High electric field 
Surface inversion 
Leak current increased 
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(6) 
Fine geometry 
related 
problems 
In response 
to 
higher 
integration 
requirements 
for 


memories 
and 
microcomputers, 
LSI geometry 
has 
been 
reduced 
in the 
way 
of 3IJ.m -+ 2 IJ.m -+ 1.31J.m 


-+ O.8IJ.m. 


However 
power 
supply 
has 
not 
been 
scaled 
down 
used 
for 
5V, 
only 
line dimensions 
have 
been 
fined 


increasingly. 
Problems 
associated 
with 
finer 
geo- 


metry 
are shown 
in Table 
14. 


Item 
Problems 
Countermeasure 


5V single supply voltage 
• Breakdown voltage of gate oxide films 
Oxide film formation process improved 


• SiO, defects 
• Cleaning 
• Gettering 
• Screening 


Horizontal dimension 
• Soft errors by 0< particles 
Surface passivation film improved 


reduction 
• Al reliability reduced 
• Metallization improved 
• CMOS latch up 
• Design/layout 
improved 
• Mask alignment margin reduced 
• Process improved 
• Hot carriers 


Vertical & horizontal 
• Higher breakdown voltage not permitted 
Use of low voltage examined 


dimension reduction 
• Electrostatic discharge resistance reduced 
• Configuration 
improved 
• Protection 
circuits enhanced 
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1. 
VIEWS ON QUALITY 
AND 
RELIABILITY 


Hitachi 
basic views on quality 
are to meet 
individual 
users' 
purpose 
and 
their 
required 
quality 
level and 
also 
to 
maintain 
the 
satisfied 
level for 
general 
ap- 
plication_ 
Hitachi 
has 
made 
efforts 
to 
assure 
the 
standardized 
reliability 
of our 
IC memories 
in actual 
usage. 
To meet 
users' 
requests 
and to cover expand- 
ing application, 
Hitachi 
performs 
the followings; 
(1) 
Establish 
the 
reliability 
in design 
at the stage of 


new product 
development. 


(2) 
Establish 
the 
quality 
at all steps 
in manufactur- 


ing process. 


(3) 
Intensify 
the inspection 
and the assurance 
of re- 


liability 
of products. 


(4) 
Improve 
the 
product 
quality 
based 
on market- 
ing data_ 


Furthermore, 
to 
get 
higher 
quality 
and 
reliability, 


we cooperate 
with 
our research 
laboratories. 


With 
the 
views 
and 
methods 
mentioned 
above, 


Hitachi 
makes 
the 
best efforts 
to meet the users' 
re- 


quirements. 


2. 
RELIABILITY 
DESIGN OF 
SEMICONDUCTOR 
DEVICES 


2_' 
Reliability 
Target 
Establishment 
of 
reliability 
target 
is important 
in 


manufacturing 
and 
marketing 
as well 
as function 
and 
price. 
It is not 
practical 
to 
determine 
the 
re- 
liability 
target 
based 
on the failure 
rate under 
single 


common 
test 
condition. 
So, the 
reliability 
target 
is 
determ 
ined 
based 
on 
many 
factors 
such 
as each 
characteristics 
of 
equipment, 
reliability 
target 
of 
system, 
derating 
applied 
in design, 
operating 
condi· 


tion 
and maintenance. 


2.2 
Reliability 
Design 


Timely 
study 
and execution 
are essential 
to achieve 
the 
reliability 
based 
on reliability 
targets. 
The main 


items 
are 
the 
design 
standardization, 
device 
design 


including 
process 
and 
structural 
design, 
design 
review and reliability 
test. 


(1) 
Design Standardization 


Design standardization 
needs 
establishing 
design 


rules 
and 
standardizing 
parts, 
material, 
and 
process. 
When 
design 
rules 
are 
established 
on 


circuit, 
cell, 
and 
layout 
design, 
critical 
items 
about 
quality 
and 
reliability 
should 
be 
ex- 


amined. 
Therefore, 
in 
using 
standardized 


process 
or material, 
even newly 
developed 
prod- 


ucts would 
have high reliability, 
with 
the excep- 


tion 
of special 
requirement 
on function. 


(2) 
Device 
Design 
It is important 
for 
device 
design 
to consider 


total 
balance 
of 
process 
design, 
structure 
design, 
circuit 
and 
layout 
design. 
Especially 
in 
case 
of applying 
new 
process 
or new 
material, 


we study 
the technology 
prior 
to 
development 


of the device 
in detail. 


(3) 
Reliability 
Test by Test Site 


Test 
site 
is sometimes 
called 
Test 
Pattern. 
It is 
useful 
method 
for 
evaluating 
reliability 
of 


designing 
and 
processing 
ICs with 
complicated 
functions. 


1. Purposes 
of Test Site are as foilows; 


• 
Making 
clear about 
fundamental 
failure 
mode; 


• 
Analysis 
of relation 
between 
failure 
mode 
and 
manufacturing 
process 
condition. 


• 
Analysis 
of failure 
mechanism. 


• 
Establishment 
of QC point 
in manufacturing. 


2. 
Effects 
of evaluation 
by Test 
Site 
are as follows; 


• 
Common 
fundamental 
failure 
mode 
and 
failure 
mechanism 
in devices 
can be evaluated. 


• 
Factors 
dominating 
failure 
mode 
can 
be 
picked 
up, 
and 
compared 
with 
the 
process 
having 
been experienced 
in field. 


• 
Able 
to 
analyze 
relation 
between 
failure 
causes 
and manufacturing 
factors. 


• 
Easy to ru n tests. 


2.3 
Design 
Review 


Design 
review 
is a method 
to confirm 
systematically 


whether 
or 
not 
design 
satisfies 
the 
performance 
required 
including 
by 
users, 
follows 
the 
specified 
ways, 
and 
whether 
or 
not 
the 
technical 
items 


accumulated 
in test 
data 
and 
application 
data 
are 
effectively 
applied. 


In 
addition, 
from 
the 
standpoint 
of 
competition 
with 
other 
products, 
the 
major 
purpose 
of design 
review 
is 
to 
insure 
quality 
and 
reliability 
of 
the 
product. 
In 
Hitachi, 
design 
review 
is performed 
in 
designing 
new 
products 
and 
also 
in changing 
products. 
The 
followings 
are 
the 
items 
to consider 
at design 
review. 


(1) 
Describe 
the 
products 
based 
on specified 
design 
documents. 


(2) 
Considering 
the documents 
from the standpoint 
of each 
participant, 
plan 
and execute 
the 
sub· 


program 
such 
as calculation, 
experiments 
and 
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investigation 
if unclear 
matter 
is found. 


(3) 
Determine 
the contents 
and methods 
of reliabil· 


ity test 
based 
on design 
document 
and drawing. 


(4) 
Check 
process 
ability 
of manufacturing 
line to 
achieve 
design 
goal. 


(5) 
Arrange 
the preparation 
for production. 
(6) 
Plan 
and 
execute 
the 
sub-programs 
of design 


changes 
proposed 
by 
individual 
specialists, 
for 


tests, 
experiments 
and calculation 
to confirm 
the 


design 
change. 


(7) 
Refer 
to 
the 
past 
failure 
experiences 
with 


similar 
devices, 
confirm 
the 
prevention 
against 


them, 
and 
plan 
and 
execute 
the 
test 
program 


for confirmation 
of them. 


In Hitachi, 
these 
study 
and decision 
at design 
review 


are 
made 
using 
the 
individual 
check 
lists according 


to its objects. 


Characteristics 
APprov~ 


3. 
QUALITY 
ASSURANCE SYSTEM OF 
SEMICONDUCTOR 
DEVICES 


3.1 
Activity 
of Quality 
Assurance 
The 
following 
items 
are the 
general 
views of overall 
quality 
assurance 
in Hitachi; 


(1) 
Problems 
is solved 
in each 
process 
so that 
even 


the 
potential 
failure 
factors 
will be removed 
at 


final stage. of production. 
(2) 
Feedback 
of 
information 
is 
made 
to 
insure 


satisfied 
level of process 
ability. 


As the result, 
we assure the 
reliability. 


Characteristics 
or 
Material 
and 


Paris 


Appearance 
DimenSion 
Heat 
Resistance 


Mechanical 
Electrical 
Olhers 


Confirmation 
of 
Characteristics 
and 


Reliability 
of Materials 


and 
Parts 


EleCI rlcal 
Characteristics 


Function 
VultsKt' 
Current 
Temperature 
Others 


Appearance. 
Dimension 


Confirmation 
of Target 
Spec. 
Mainly 
about 
Electrical 
Characteristics 


Reliability 
Test 
Life 
Test 


The rma I Stress 
Moisture 
Resistance 
Mechanical 
Stress 


Othe rs 


Confirmation 
of Quality 


and 
Reliability 
in Design 


Reliability 
Test 


Process 
Check 
same 
as 


Quality 
Approval 
(1) 


Confirmation 
of Quality 


and 
Reliability 
in Mass 


Production 
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3.2 Qualification 
To assure the quality 
and reliability, 
the qualifica- 
tion tests are done at each stage of trial production 
and mass production 
based on the reliability 
design 
described in section 2. 
The 
followings 
are the views on qualification 
in 
Hitachi: 
(1) 
From the standpoint 
of customers, qualify 
the 
products objectively by a third party. 


(2) 
Consider the failure experiences and data from 


customers. 


(3) 
Qualify every change in design and work. 
(4) 
Qualify 
intensively on parts and materials and 
process. 
(5) 
Considering the process ability 
and factor 
of 
manufacturing fluctuation, 
establish the control 
points in massproduction. 


Considering the views mentioned 
above, qualifica- 
tion shown in Fig. 1 is done. 


Inspection 
on 
Material 
and 


Parts 
for 
Semiconductor 


Devices 


Manufacturing 
Equipment. 


Environment, 
Sub-material. 


Worker 
Control 


Inner 
Process 


Quality 
Control 


100% 
Inspection 
on 


Appearance 
and 
Electrical 


Characteristics 


Sampling 
Inspection 
on 


Appearance 
and 
Electrical 


Characteristics 


Lot 
Sampling, 


Confirmation 
of 


Quality 
Level 


- 
- 
- 
Confirmation 
of 


Qua Iity 
Leve 
I 


r----------i 
I 
Quality 
Information, 
I 
I 
Claim 
I 
I 
Field 
Experience 


Gene 
ra I Qua Iity 


Information 
I 
I 
I 
I 
L- 
...J 


Lot 
Sampling. 


Confirmation 
of 


Qua lity 
Leve 
I 


Testing, 


Inspection 


Confirmation 
of 


Qua Iity 
Leve 
I, Lot 


Sampling 


Feedback 
of 


Information 
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3.3 Ouality 
and Reliability 
Control in MassProduc- 


tion 
To 
assure quality 
in mass production, 
quality 
is 


controlled 
functionally 
by each department, mainly 
by manufacturing 
department and quality assurance 


department. 
The total 
function 
flow 
is shown in 
Fig. 2. 


3.3.1 Quality Control on Parts and Materials 
With the tendency toward higher performance and 
higher reliability 
of devices, quality control of parts 


and materials becomes more important. 
The items 


such as crystal, lead frame, fine wire for wire bond- 
ing, package and materials required in manufactur- 
ing process like mask pattern and chemicals, are all 
subject to inspection and control. 


Besides qualification 
of parts and materials stated in 


3.2, quality 
control of parts and materials is defined 
in incoming inspection. 
Incoming inspection is per- 


formed based on its purchase specification, drawing 
and mainly sampling test basedon M IL-STO-1050. 
The other 
activities 
for 
quality 
assurance are as 


follows. 


• 
Table 1. 
Quality Control Check Points of Parts 
and Material (example) 


Material. 
ImporUnt 
Point 
for 
Check 
Parts 
Control 
Items 


Appearance 
Damage 
and Contamlna· 
tion 
on Surface 


Wafer 
Dimension 
Flatness 
Sheet 
Resi~tance 
Resistance 


Defect 
Density 
Def~ct 
Numher~ 


Crystal 
Axis 
----- 
Appearance 
Defect 
Numbers. 
Scrah:h 


Mask 
Dimension 
Dimension 
Level 
Resistoration 
Gradation 
Unifurmity 
of 
(;radation 


Fine 
Appearance 
Contamination. 
Scrall'h. 


Wire 
for 
Bend, TWIst 


Wire 
Dimension 


Bonding 
Purity 
PurIty 
Level 


Elongafion 
Ratio 
Mechanical 
Strength 
Appearance 
Contamination. 
Scratch 


Dimension 
Dimension 
level 
5Jrocessing 
Frame 
Accuracy 
Plating 
Bondahility. 
Solderability 
Mounting 
H~at 
Resistanc~ 


Characteristics 


App~arance 
Contamination, 
Scratch 


Dimension 
Oimtnsion 
Level 


Leak 
Resistance 
Airtightness 
Plating 
Bondabilit Y.Solderabilit 
y 


Ceramit: 
Mounting 
Heat 
R~slstance 
Package 
CharacteristiCS 


Electrical 


Characteristit:s 


Mechanical 
Mechanical 
Strength 


Slr~_ 
~----+------- 
Composition 
Charaueris(lcs 
of 


Plastic 
Malenal 


Eleclflt:al 
CharacterislKs 


PlastiC 
Thermal 


(,har~cterbtics 


Molding 
Molding 
Performance 


Performance 
Mounting 
Mounting 
Characteristics 


C hara<:terist 
1(5 


(1) 
Technology Meeting with Vendors 
(2) 
Approval and Guidance of Vendors 
(3) 
Analysis and tests of physical chemistry. 


The typical check points of parts and materials are 
shown in Table 1. 


3.3.2 Inner ProcessQuality Control 
To control 
inner process quality 
is very significant 


for 
quality 
assurance of 
devices. 
The 
quality 
control 
of products in every stage of production 
is 


explained below. 
Fig. 3 shows inner process quality 


control. 
(1) 
Quality 
Control 
of Products in Every Stage of 
Production 
Potential 
failure 
factors 
of devices should be re- 


moved in manufacturing 
process. Therefore, check 
points are set up in each process so as not to move 
the 
products 
with 
failure 
factors 
to 
the 
next 
process. 
Especially, 
for 
high 
reliability 
devices, 


manufacturing 
lines are rigidly selected in order to 
control 
the quality 
in process. Additionally 
we per- 


form 
rigid 
check 
per process or 
per 
lot, 
100% 


inspection 
in 
proper 
processes so as to 
remove 


failure factors caused by manufacturing fluctuation, 
and screenings depending on high temperature aging 
or 
temperature 
cycling. 
Contents 
of 
controlling 
quality under processing are as follows: 
• 
Control of conditions 
of equipment and workers 


and sampling test of uncompleted produsts. 


• 
Proposal and execution of working improvement. 


• 
Education of workers 
• 
Maintenance and improvement of yield 
• 
Picking up of quality 
problems and execution of 


countermeasures toward them. 


• 
Communication 
of quality information. 


(2) 
Quality Control of Manufacturing 
Facilities and 
Measuring Equipment 
Manufacturing 
facilities 
have been developed with 
the need of higher devices in performance and the 
automated production. 
It is also important 
to de· 


termine quality and reliability. 
In Hitachi, 
automated manufacturing 
is promoted 


to avoid manufacturing 
fluctuation, 
and the opera- 
tion of high performance equipment is controlled to 
function 
properly. 


As for maintenance inspection for quality control, 
daily 
and periodically 
inspections 
are performed 


basedon specification on every check point. 
As for 
adjustment 
and maintenance of measuring 
equipment, 
the 
past data and specifications 
are 


clearly checked to keep and improve quality. 
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(3) 
Quality 
Control 
of 
Manufacturing 
Circumst- 
ancesand Sub-material. 
Quality 
and reliability 
of devices are affected 
especially 
by 
manufacturing 
process. 
There- 


fore, we thoroughly 
control 
the manufacturing 
circumstances such as temperature, 
humidity, 


dust, 
and the 
sub-materials 
like gas or pure 
water used in manufacturing process. 


Dust control 
is essential to 
realize higher in- 


tegration 
and higher reliability 
of devices. To 
maintain and improve the clearnessof manufac- 
turing site, we take care buildings, facilities, air- 
conditioning 
system, 
materials, 
clothes 
and 
works. 
Moreover, 
we periodically 
check 
on 
floating 
dust in the air, fallen dust or dirtiness 


on floor. 


Process 
Control 
Point 
Purpose 
of Control 


jPurchase 
of Material 


Wafer- 
Wafer 
Characteristics. 
Appearance 
Scratch. 
Removal 
of Crystal 


Defect 
Wafer 


Surface 
Oxidation 
Oxidation 
Assurance 
of 
Resistance 


Inspection 
on Surface 
Appearance. 
Thickness 
of 
Pinhole. 
Scratch 
Oxidation 
Oxide 
Film 
Photo 
Resist 
Photo 
Resist 
Inspection 
on Photo 
Resist 
Dimens ion, 
Appearance 
Dimens ion Leve I 
o PQC Level 
Check 
Check 
of Photo 
Res ist 
Diffus ion 
Diffus ion 
Diffus ion Depth. 
Sheet 
Diffusion 
Status 


Res istance 


Inspection 
on Diffus ion 
Gate 
Width 
Control 
of Basic 
Parameters 


o PQC Leve ICheck 
Characteristics 
of Oxide 
Film 
(VTH. ete) 
Cleaness 
of surf ace. 


Breakdown 
Voltage 
Prior 
Check 
of V,H 
Breakdown 
Voltage 
Check 


Evaporation 
Evapo- 
Thickness 
of Vapor 
Film. 
Assurance 
of Standard 
ration 
Scratch, 
Contamination 
Thickness 
Inspection 
on Evaporation 


o PQC Leve I Check 
Wafer 
Inspection 
Wafer 
Thickness. 
VTH Characteris- 
Prevention 
of Crack. 


tics 
Quality 
Assurance 
of Scribe 


Inspection 
on Ch ip 
Chip 
Electrical 
Characteristics 
Electrical 
Characteristics 


Chip 
Scribe 
Appearance 
of Chip 
Inspection 
on Chip 
Appearance 


o PQC Lot Judgement 
Frame- 
Assembling 
Assembling 
Appearance 
after 
Chip 
Quality 
Check 
of Chip 


Bopding 
Bonding 
Appearance 
after 
Wire 
Quality 
Check 
of Wire 


o PQC 
Level 
Check 


Bond ing 
Bonding 
Pull 
Strength. 
Compresion 
Prevention 
of Open and 


Width, 
Shear 
Strength 
Short 
Inspection 
after 
Appearance 
after 
Assembling 
Assembling 


o PQC 
Lot Judgement 
Package 


Sealing 
Sealing 
Appearance 
after 
Sealing 
Guarantee 
of Appearance 


Outline, 
Dimension 
and 
Dimens 
ion 


o PQC 
Leve I Check 
Mark ing 
Ma rk ing Strength 
Final 
Electrical 
Inspection 


OFailure 
Analysis 
Analysis 
of Failures. 
Failure 
Feedback 
of Analysis 
Infor- 


Mode. 
Mechanism 
mation 
Appearance 
Inspection 
Sampling 
Inspection 
on 
Products 
Receiving 


Shipment 
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3.3.3 
Final Tests 
and 
Reliability 
Assurance 


(1) 
Final Tests 
Lot 
inspection 
is 
done 
by 
quality 
assurance 


department 
for the product 
passed 
in 100% test 


in final 
manufacturing 
process. 
Though 
100% 


of passed 
products 
is expected, 
sampling 
inspec- 


tion 
is subjected 
to 
prevent 
mixture 
of failed 


products 
by mistake. 


The 
inspection 
is executed 
not only to confirm 


that 
the 
products 
meet 
users' 
requirement, 
but 


to 
consider 
potential 
factors. 
Our 
lot 
inspec- 


tion 
is based 
on MIL-STD-1 05D. 


(2) 
Reliability 
Assurance 
Tests 
To assure 
reliability, 
the reliability 
tests 
are per- 


formed 
periodically, 
and 
performed 
on 
each 


manufacturing 
lot if user requires. 


,------------ 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
IL 
_ 


Countermeasure 
Execution 
of 


Countermeasure 


--- --- ---------------1 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


Follow-up 
and 
Confirmation 
I 
of Countermeasure 
Execution 
I 
I 


Report 
I 
--------------------~ 
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Compared 
to 
conventional 
core 
memories, 
IC 


memories 
contain 
all peripheral 
circuits, 
such as the 
decoder 
circuit, 
write 
circuit 
and 
read 
circuit. 
As a 


result, 
assembly 
and electrical 
inspection 
of ICs are 
all 
performed 
by IC manufacturers. 
Consequently, 


as 
the 
electrical 
inspection 
of 
IC 
memories 
are 


becoming 
more 
systematic, 
conventional 
IC inspec- 


tion 
facilities 
are becoming 
useless. 
This 
has led to 


the 
development 
and 
introduction 
of 
a memory 


tester 
with 
pattern 
generator 
to generate 
the inspec- 


tion 
pattern 
of 
the 
memory 
IC at high 
speed. 
A 


function 
test 
for 
such 
as TTL 
gates 
can 
be 
per- 
formed 
even 
by 
a simple 
DC 
parameter 
facility. 


However, 
when 
the 
address 
input 
becomes 
multi- 


plexed 
as in 16K, 
64K 
and 256K 
memory, 
even the 
generation 
of the 
function 
test 
pattern 
becomes 
a 


serious 
problem. 


In the 
memory 
IC inspection, 
its quality 
cannot 
be 


judged 
by DC test on external 
pins only, 
because 
the 


number 
of the 
element 
such 
as transistor 
which 
can 


be judged 
in the 
DC test 
is only 
1/1000 
of all ele- 
ments. 
The 
followings 
are the address 
patterns 
pro- 
posed 
to 
inspect 
whether 
the 
internal 
circuits 
are 


functioning 
correctly. 
(1) 
All "Low", 
All "High" 


(2) 
Checker 
Flag 


(3) 
Stripe 
Pattern 


(4) 
Marching 
Pattern 


(5) 
Galloping 


(6) 
Waling 
(7) 
Ping·Pong 


Those 
are 
not 
all, 
but 
only 
representative 
ones. 
There 
are 
the 
pattern 
to 
check 
the 
mutual 
inter- 


ference 
of 
bits 
and 
the 
pattern 
for 
the 
maximum 


power 
dissipation. 
Among 
the 
above 
mentioned 
patterns, 
those 
of 
(1) to 
(4) are 
called 
N pattern, 


which 
can check 
one 
sequence 
of N bit IC memory 


with 
the 
several 
times 
of N patterns 
at most. 
Those 


of 
(5) 
to 
(7) 
are 
called 
N1 pattern, 
which 
need 


several 
times 
of N2 patterns 
to check 
one sequence 


of N bit IC memory. 
Serious 
problem 
arises in using 


N2 
pattern 
in a large-capacity 
memory. 
For 
ex- 


ample, 
inspection 
of 
16K 
memory 
with 
galloping 


pattern 
takes 
a lot of time 
- 
about 
30 minutes. 
(11, 


(2) 
and 
(3) 
are 
rather 
simple 
and 
good 
methods, 


however, 
they 
are not 
perfect 
to find 
any failure 
in 


decoder 
circuits. 
Marching 
is the 
most 
simple 
and 


necessary 
pattern 
to 
check 
the 
function 
of 
IC 
memories. 


The 
marching 
pattern, 
as its name 
indicates, 
is a pat- 
tern 
in which 
"1 "s march 
into 
all bits of "O"s. 
For 


example, 
a simple 
addressing 
of 
16 bit 
memory 
is 


described 
below. 


(1) 
Clear all bits 
See Fig. 1 (a) 


(2) 
Read 
"0" 
from 
Oth address 
and check 
that 
the 
read 
data 
is 
"0". 
Hereafter, 
"Read" 
means 


"checking 
and judging 
data" 


(3) 
Write" 
1" on Oth address 
_See Fig. 1 (b) 


(4) 
Read 
"0" 
from 
1st address. 


(5) 
Write 
"1" 
on 1st address. 


(6) 
Read "0" 
from 
nth address. 


(7) 
Write" 
1" on nth address 
See Fig. 1 (c) 


(8) 
Repeat 
(6) to 
(7) to the 
last address. 
Finally, 


all data 
will be "1". 


(9) 
After 
all data 
become 
"1 ", repeat 
from 
(2) to 
(8) replacing 
"0" 
and" 
1". 


In this 
method, 
5N address 
patterns 
are 
necessary 


for the 
N-bit memory. 


Figure 1 
Addressing method of for 16 bit memory in the 
Marching pattarn 
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1.1. 
Static RAM Memory Cell 
The static RAM memory cell consists of flip-flops 
organized as 4 NMOS transistors and 2 load resistors 
as shown in figure 1-1. The data in the cell can be 
retained 
as long as power is supplied, and read out 
without being destroyed. 


1.2. 
Data Retention Mode and Battery Back-up 
System 
The data in RAM is destroyed 
at power off. 
How- 
ever, CMOS static RAM has a data retention mode. 
In this mode, power consumption 
at standby is ex- 


tremely 
low and supply voltage can be reduced to 
2 V. 
So, it enables a battery 
back-up system to 
retain data during power failure. 
Data 
Retention 
Mode: 
The 
important 
point 
in 
designing a battery 
back-up system 
is the timing 
relation between the memory power supply during 
the change (ordinal source -+ battery) 
and the chip 
select signal. 
If the timing for the change is missed, 
the data in memory might be destroyed. 
Figure 
1-2. shows the 
timing 
for switching 
the 
power supply. 
The following explains the technical 
terms related to the data retention mode. 


Data retention 
mode: 
The period that the power 
supply voltage is lower than the specified operation 
voltage. During this period, memory must be kept in 
non-select condition (e.g. CS = VOR 
- 0.2Vl. 


tco R (time for chip select to data retention): 
The 
minimum 
time 
needed 
to change from 
operating 
mode to data retention mode. 
Normally 0 ns. 


tR (Operation 
recovery time): The minimum time 
needed 
to 
change 
from 
data 
retention 
mode to 
operating 
mode. 
Normally, 
it is the same as the 
cycle time of the memory. 


VOR 
(data retention voltage): The voltage applied in 
data 
retention 
mode. 
Normally, 
the 
minimum 
supply voltage needed to retain memory data is 2 V. 


I CCOR 
(data retention 
current): 
The current 
con- 
sumption 
in data 
retention 
mode. 
It depends 
on 
memory 
power supply 
voltage and ambient 
tem- 
perature. 
It is specified at supply voltage (VOR) 
= 
3.0 V. 
Battery 
Back-up System: battery 
back-up sequence 
is described in the following: 
1. External circuit detects 
failure of system power 
supply. 


2. External circuit changes RAM to standby mode. 
3. External 
circuit 
separates 
RAM from 
system 
power supply. 


4. External 
circuit 
switches 
to 
Back-up 
power 
supply. 


The control 
circuit 
detects 
the power failure and 
cuts 
off the 
power 
after 
switching 
memories 
to 
standby 
mode. 
On 
recovery, 
it confirms 
power 
supply and after some delay, returns 
memories to 
operating 
mode. 
The 
memory 
control 
signals 
depend 
on 
the 
types 
of memories 
used 
in the 
system. 
* 
Using memory with only one CS. NAND signal 
between the control signal and chip select signal 
should be connected to CS. As the level of CS in 
data retention 
mode must be higher than VOR - 
0.2V. the power supply for this NAND gate must 
either be shared with the memory power supply, 
or be pulled up to the memory power supply. 
* 
Using 
memory 
with 
two 
CS. 
Basically, 
the 
signals are the 
same as mentioned 
above. 
In 
general 
use, two 
pins should be used for the 
control 
signal and the chip select signal respec- 
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tively. 
CS, which can intercept 
current path of 
other 
pins in the 
input 
buffers, 
is for control 
signal input of data retention mode. 
* 
Using memory 
with CS and CS. As CS selects 
the chips at high level, it is better to use CS than 
CS as control 
signal input 
for data 
retention 
mode. 
As soon 
as power 
down 
is detected, 


signals should be brought to low level. So a pull- 


up to 
the 
memory 
power supply 
level is not 
needed and circuit organization is simplified. 
Figure 1-4 shows an example of a battery 
back-up 
system 
circuit. 
Hitachi 
recommends 
using CMOS 
logic for gate G, 
in control 
circuit 
and memory 


Vcc. 
The low VCE transistor 
Q, 
is required 
to 
switch regulating circuit from system power supply 
to back-up power supply. 


+5V 
---l 


i 
' 


, 
2-3V I 
II 
I 
, 
I 
L 
J 
S.ek-up 


circuits 
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2. Pseudo-Static 
RAM 
2.1 
Pseudo-Static 
RAM Features 
A 
new 
type 
of 
memory, 
pseudo-static 
RAM 
has 


been 
developed 
providing 
the 
advantages 
of 
dynamic 
RAM 
(low 
cost, 
high 
density). 
and static 
RAM (easy 
usage). 
IC memory 
consists 
of memory 
cells 
for data 
storage, 
and 
input/output 
circuits 
for 


interfacing 
to 
the 
external 
circuits. 
PSRAM 
pro- 
vides 
the 
memory 
cell 
and 
peripheral 
circuits 
of 
DRAM 
and 
the 
external 
control 
circuits, 
which 
includes 
a part 
of the 
refresh 
control 
circuits 
not 
provided 
by 
dynamic 
RAM, 
and 
interface 
circuits 


similar 
to that 
of static 
RAM, on a chip, 
as shown 
in 


table 
2-1. 
Address 
input 
is not 
multiplexed 
and 
data 
input/output 
is byte-wide 
like 
standard 
static 


RAM. 
With 
PSRAM 
x 
8 
organization, 
medium 
density 
memory 
system 
can 
be 
designed 
easi ly. 


PSRAM 
provides 
address 
refresh, 
automatic 
refresh 
and self refresh. 


Figure 
2-1 
shows 
examples 
of system 
design 
using 
PSRAM 
and 
DRAM. 
Using 
PSRAM, 
the 
circuits 
-- 


SRAM 
PSRAM 
DRAM 


Memory Cell 
4 Tr + 2 R 
I Tr + I C 


Organization 
xl,x4,x8 
x8 
xl,x4 


Address 
Single Address 
Multiplexed 
Address 


Refresh 
Nor 
Necessary 
Necessary 


External Circuits 
Simple< 
:> Complexed 


interfacing 
CPU 
to 
DRAM 
can 
be 
drastically 


reduced. 
Figure 
2-2 
shows 
block 
diagram 
of 
pseudo 
static 


RAM. 


2.2. 
1 Mbit Pseudo-Static 
RAM Function 


Read/Write 
Cycle: 
Figure 
2-3 and figure 
2-4 show 
the 
timing 
chart 
for the 
read/write 
cycle 
of 1 Mbit 
pseudo-static 
RAM 
HM658128. 
The 
HM658128 


~ 
Dat> 


Address 
C 
~ 
P 
Status 
1 
E 
I 
~ 
V 
Timer 
& 
Busy 
Control 
'- 


IPSRAMI 


~ 
::g 
Memory 
AlTaY 


<: 
(lTr+lClull) 
~ 
a: 


can 
perform 
2 types 
of access 
in a read 
cycle, 
CE 
access 
(Figure 
2-3 (a)) and DE access figure 
2-3 (b)). 


It writes 
the 
data 
at the 
rising 
edge 
of WE (figure 
2-4 (a)) or at the 
rising edge 
of CE (figure 
2-4 (b)). 


The 
CS pin 
should 
be brought 
high 
when 
the 
ad- 


dress 
is latched 
at the falling 
edge of cr in the read/ 
write 
cycle. 
The 
HM658128 
has 
no UI: specifica- 
tion 
at the 
falling 
edge of CE as it provides 
both UI: 
pin and m::sH pin. 
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CS Standby Mode: The HM658128 enters CS 
standby 
mode for 
one cycle if CS turns to low 
at the falling edge of CE (figure 2-5). 


~ 
1ll11/l1~ 


Address Refresh: 
Address refresh mode performs 
refresh by accessto row address (AO - A8) 0 - 511 
sequentially 
within 
8 ms, as shown in figure 2-6 (in 


distributed 
mode). 
In this mode, CS should be high 
at falling edge of CEo 


Automatic 
Refresh: 
The HM658128 
goes to auto- 
matic 
refresh mode if RFSH falls while CE is high 
and it is kept low for more than 180 ns. 
It is not required to input the refresh address from 


address pins AO - A8, 
as it is generated internally. 


Figure 
2·7 shows the timing 
chart for distributed 
refresh. 
In automatic 
refresh mode, the timing 
for 
only CEand RFSH are specified. 


" 


RFSH 


180ns;;; 
Refresh < 8J~s 


Self Refresh: 
Self refresh mode performs refresh at 
the internally 
determined 
interval. 
The HM658128 
enters the mode when the internal 
refresh timer 
is 


enabled 
by 
keeping CE high 
and 
RFSH low 
for 
more than 81.ls (figure 2·8). 
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Considerations 
on Using HM658128: 
The following 
should be considered when using the HM658128. 
• 
Data retention. 
The HM658128 can retain the 
data with a battery 
(but not for long time). 
The 
HM658128L, 
low power version, offers typical 
self-refresh or standby current of 1001JA. 
A 
l-Mbyte 
system 
(using eight 
HM658128Ls) 
can retain the data for about 
1.5 months with 
battery 
of 100 mAh current. 
VCC = 5 V ± 10% 
must be maintained for data retention. 


• 
Power 
on. 
Start 
HM658128 
operation 
by 
executing more than eight initial cycles (dummy 
cycles) 
more 
than 
100 p.s after 
power voltage 
reaches 4.5 V - 5.5 V after power on. 


• 
Bypass capacitor. 
Hitachi recommends inserting 
1 bypass capacitor per RAM. 


2.3 
Pseudo-Static RAM Data Retention 
PSRAM with 
self refresh retains data 
CE and OE 
are fixed for more than defined period. 
The follow- 


ing explains considerations 
for PSRAM data reten- 
tion. 
First, PSRAM cannot 
retain the data at low supply 
voltage. 
They employ 
1 MOS type memory cell as shown in 
figure 2-9. The charge is stored on the capacitor C 
as memory data. 
The data 1, written at low supply 


Fil/llre 2-9. 
Memory Cell of PSRAM 


voltage, cannot be read as 1 at high supply voltage. 
Figure 2-10 indicates the operation 
voltage for self 
refresh and subsequent 
read of PSRAM. If the data 
is read out at more than 5 V of VCC, for example, 
after self refresh is performed 
at 
V CC = 3.7 V, it is 
destroyed. 
PSRAM must be used at supply voltage from 4.5V 
to 5.5V. 


Second self refresh current increases at low supply 
voltage. 


SXl 


~ 


PSRAM provides the voltage level detector 
circuit 
to reduce self refresh current. 
However, it should 
be noted that the circuit increases the current with 
low supply voltage in self refresh (figure 2-11 l. Self 
refresh 
current 
also increases at low temperature 
(figure 2-12). 


O'C 
f'"'","''''"'"'1 
~ 


Please use PSRAM within the recommended 
opera- 


tion range (Vcc more than 4.5 V, temperature 
more 
than 
O°C) for 
data 
retention, 
especially 
using a 
battery. 
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3. Video RAM 
3.1. 
Multiport Video RAM 


Figure 3-1 shows general idea of video RAM. 
Multi- 


port video RAM provides an internal data register 
(SAM) 
with 
the memory 
(RAM). 
Both of them 


can be accessed asynchronously. 
Effective graphic 


display 
memory 
is realized by using the random 


port of the RAM part for graphic processor drawing 
and the serial port of the SAM part for CRT display. 


Figure 3-2 shows the block 
diagram of the 256- 
kbit multiport 
video RAM HM53461, and table 3-1 


Dynamic 
RAM 
memory 
cells 


sc 
SOE 


Figure 
3·2. 
Block 
Dillll.em 
of HM53461 


At the falling 
edge of RAS 
RAM modes 


SAM modes 


CAS 
DT/OE 
WE 
SOE 
SIlO 
direction 
Notes 


H 
H 
H 
X 
Read/write 
Sin/Sout 
1,2,3 


H 
H 
L 
X 
Temporary 
write 
mask 
data 
program 
Sin/Sout 
1,2,3 


H 
L 
H 
X 
Read 
transfer 
Sout 
2 


H 
L 
L 
L 
Write 
transfer 
Sin 


H 
L 
L 
H 
Pseudo 
lransfer 
Sin 


L 
X 
X 
X 
CBR refresh 
Sin/Soul 
1,2 


H: 
High 


L: 
Low 
X: Don't Care 
Transfer cycle executed 
previously defines SIlO direction. 
SIlO is in high impedance 
state 
with SOE high, 
even if the direction 
is ~ 


The HMS 3461 
starts 
write 
operation 
if WE is low at the falling 
edge of CAS or become 
low between 
the falling 
edge of CAS and the rising edge of RAS. 
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Notes: 
I. 
2. 
3. 


ReadlWrite 
Operation: 
Read/write 
is performed 
on the random 
port in the same sequence as for a 
dynamic 
RAM (figure 3-3). 
The HM53461 starts 
the 
read operation 
with 
WE high and the write 
operation at the falling edge of WE. 


DRAM 
memo", 


«II 


Temporary 
Write Mask Set and Temporary 
Masked 
Write 
Operation: 
The 
HM53461 
provides 
tem- 
porary 
masked write operation 
which inhibits 
to 
write data bit-by-bit 
(write mask) during one RAS 
cycle. 
Temporary 
write mask set function 
defines 
the bits to be inhibited 
(figure 3-4). This operation 
puts the data on 1/01 - 
1/04 into the internal tem- 
porary write mask register. 
When 0 is programmed 
to the register, writing to the corresponding 
bit is 
inhibited. 
The temporary 
write 
mask register is reset at the 
rising edge of RAS. 


DRAM 
m~mory 
«II 


Read 
Transfer 
Operation: 
In 
this 
cycle, 
the 
HM53461 
transfers 
the data 
of one row in RAM 
(1024 bits). which address is specified at the falling 
edge of RAS, to SAM (figure 3-5). The start address 
in SAM can be programmed 
at the falling edge of 


CAS in this cycle. 
After data transfer, 
the serial 
port turns to serial read mode at the rising edge of 
DT/OE. 


DRAM 
memory 
«II 


Write 
Transfer 
Operation: 
In 
this 
cycle, 
the 
HM53461 
transfers 
the data in the SAM data re- 


gister (1024 bits) to one row in RAM, which address 
is specified at the falling edge of RAS (figure 3-6). 
The start address in SAM can be programmed in this 
cycle. 
After data transfer, serial port turns to serial 
write mode. 


DRAM 
memory 
«II 


Pseudo Transfer Operation: 
This operation switches 


the serial port to serial write mode (figure 3-7). 
It 
does not perform data transfer 
between RAM and 
SAM. SAM start address can be programmed in this 
cycle. 
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DRAM 
memory 
cell 


CAS-Before-RAS Refresh Operation: The HM53461 
performs 
refresh 
by 
using 
the 
internal 
address 


counter in this operation 
(figure 3-8). 


DRAM 
memory 
«II 


Serial ReadIWrite Operation: 
The HM53461 reads/ 


writes the contents of the SAM data register in serial 
at the rising edge of SC (serial clock input) (figure 
3-9). 
The address for serial access is generated by 


the 
internal 
address 
pointer, 
independently 
of 


random 
port 
operation. 
It should 
be considered 


that serial access is restricted in transfer cycles. The 
SAM, employing 
static-type 
data registers, requires 


no refresh. 


I Column I ~ 
latch 
~ 


DRAM 
memory 
«II 


The HM53462 
is a multiport 
video RAM, adding 


logic operation 
capability 
to 
the 
advantages 
of 


HM53461. 
Figure 3-10 shows the block diagram. 
Table 3·2 


describes the operation modes. 


1----------------- 


I 
RAM 
-----, 


SAM 
' 


I 


Write 
Temporary 
mask 
write mask 
f'elisu-r 
~ster 


DRAM 
memory 
cells 
, 


I 
I 


I 
I 
_-.J 
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At the falling edge of RAS 
SAM modes 


CAS 
OT/OE 
WE 
RAM modes 
SOE 
SIlO direction 
Notes 


H 
H 
H 
X 
Read/write 
Sin/Sout 
1,2,3 


H 
H 
L 
X 
Temporary masked write 
Sin/Sout 
1,2,3 


H 
L 
H 
X 
Read transfer 
Sout 
2 


H 
L 
L 
L 
Write transfer 
Sin 


H 
L 
L 
H 
Pseudo transfer 
Sin 


L 
X 
X 
X 
CAS-before-RAS refresh 
Sin/Sout 
1,2 


X 
Logic operation program 
Sin/Sout 
1,2 
L 
X 
L 
(CBR Refresh) 


Notes: L 
2. 
3. 


Transfer cycle previously executed defines SI/O direction. 
SI/O is in high impedance with SOE high, even if S.!.l2...-directionis Souto 
__ 
HMS3462 writes if WE is low at the falling edge of CAS or becomes low between the falling edge of CAS and the 
rising edge of RAS. 


Logic 
Operation 
Programming: 
This 
function 
programs a logic operation (figure 3-11). 
The logic 
operation 
is available until re-programmed or reset. 


In logic operation 
mode, HM53462 performs read- 


modify-write 
internally 
when data is written 
into 
random 
port. 
The 
result 
of 
the logic operation 
between memory data and written 
data is put into 
the address from which the memory data is trans- 
ferred. 
In the logic operation programming cycle, the mask 
register, which differs from the temporary mask reo 
gister, is also programmed. 
It is available until 
re- 
programmed. 


I I 


: 
I 
/ 
' ', ', ' 


i iillill 


:: 
-g 
0-- 


:~.1'~ 
:: 


L_lI 
~ 
.§ 


d 
~ 


.... 
5 ~ 


I •... 
I 


I' 
J 
I',. 
I I 
I I 


", I 


, 


---lt~-------- -- 
't' 


I 
I 
DRAM 


I 
memory 
: 
cell 


I 
I 


1/01-1/0' 
(dotted 
lines indicate 
write 
in IOKic operation 
mode) 


Figure 3-11. 
Logic Operation 
Programming 


Notes: 
Notes on using HM53461/HM53462 
are as 
follows. 
• 
Dummy RAS cycle. 
Devices should be initialized 
by 
8 
dummy 
RAS cycles 
(minimum) 
before 
accessto random port. 
Refresh cycle can be in- 


serted for initialization. 
It is recommended that 
the system be initialized by dummy RAS cycle in 
the automatic reset time of the processor. 


• 
Bypass capacitor. 
One bypass capacitor should 
be inserted between Vcc and Vss to each device. 
The VCC pin should be connected to the capaci- 
tor by the shortest path. 
A capacitor of several 
p.F is suitable. 


• 
Negative voltage input. 
Negative polarity 
input 
level to input pin or 110 pin should be under -1 
V. 
In 
this 
range, it 
has no effect 
on device 
characteristics or RAM/SAM data retention. 


• 
Initialization 
of 
logic 
operation 
mode 
(HM53462). 
The logic operation 
programming 
cycle should be executed before access to the 
random port 
to initialize 
logic operation 
mode 
after 
power 
on. 
At 
this 
time, 
the 
operation 
codes (0101) and all 1 write 
mask data are re- 


commended. 


3.2. 
Line Memory 
Hitachi has produced a line memory for line buffers 
with 
simple circuits, providing specific functions as 
described below. 
The 
line 
buffer 
can improve 
picture 
quality 
by 
storing 
1 horizontal 
line 
data. 
It 
has following 
features. 


• 
Capacity to store 1 horizontal line data 
• 
High-speed 
operation 
matching 
the 
sampling 
speedof PAL TV signal (4 fsc/8 fsc) or NTSC TV 
signal (4 fsc/8 fscl. 
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• 
Separate data inputs/outputs 
and capability 
of 


serial data inputs and outputs. 


The 
conventional 
line buffer 
composed of 
high 


speed static 
RAMs requi res separate input/output 
for 
double 
buffer 
organization. 
It also requires 


interleaving 
for 
high speed operation, 
matching 


4 fsc/8 fsc, where fsc isthe subcarrier frequency. 
In 


addition, 
external 
circuits 
are needed for 
serial 
address scan. 
The line memory 
provides all of these functions. 
Figure 3-12 shows the standard organization of a 
conventional 
memory 
buffer 
and 
figure 
3-13 


shows the block diagram of line memory. 


Figure 3-12. 
Standard 
Orllllnization 
of Conventional 
Line Buffer 


Input 
Output 
Buffer 
IH Memory 
Buffer 
'-rD~"1 
OutPUt 
~~1~ 


The Hitachi 
HM63021 
is a 2048-word 
x 8-bit line 


memory storing 2 horizontal 
lines of data. 
It has five different 
modes for various video graphic 


system applications. 
It 
realizes high speed opera- 


tions for PAL and NTSC TV signals, and dissipates 
little 
power employing 
1.3 J-1mCMOS technology 


and static-type memory cells. 
The 
features 
of 
the 
HM63021 
are described 
as 


follows: 
• 
Five 
modes for 
various 
video 
graphic 
system 


applications 
Delay line mode 
Alternate 
1HI2H delay mode 
TBC (Time-Base Corrector) mode 
Double speed conversion mode 
Time-base compression/expansion 
mode 


• 
High speed cycle time 
HM63021-34: 
34 ns min (corresponds to 8 fsc 


of NTSC TV signal) 
HM63021-28: 
28 ns min (corresponds to 8 fsc 


of PAL TV signal). 


Line 
memory 
in 
the 
system using digital 
signal 


processing technologies 
offers 
following 
applica- 


tions: 


1. com b filter 
2. double-speed conversion (non-interlace) 
3. compression/expansion 
of 
graphics (picture- 


in-picture) 
4. dropout canceller 
5. time-base corrector 
6. noise reducer 
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4. Dynamic RAM 
4.1. 
Dynamic RAM Memory Cell 
The dynamic 
RAM memory cell consists of 1 MOS 
transistor 
and 1 capacitor, as shown in figure 4-1. It 
detects 
the data in the cell (lor 
0) by the charge 
stored 
in capacitor. 
Dynamic 
RAM offers higher 
densi.ty than that of static RAM because of fewer 
components 
per chip. 
However, Dynamic 
RAM must rewrite data, called 
refresh, in a defined cycle because the charge stored 
in the capacitor leaks. 


4.2. 
Power On Procedure 
After turning on power, to set the internal memory 
circuitry, 
hold for more than 100 J.IS, then apply 
eight or more dummy cycles before operation. 
The 
dummy 
cycle 
may be either 
a normal read/write 
cycle or a refresh cycle. 
When using an internal re- 
fresh 
counter, 
eight 
or 
more 
CAS before 
RAS 
refresh cycles are required as dummy cycles. 


AO -A9 
Address 
Inputs 
~ 
Column 
Address Strobe 
Din 
Data In 
Dout 
Data Out 
RAS 
Row Address Strobe 
WE 
ReadfWrite 
Input 


Vcc 
Power (+SV) 


VSS 
Ground 


AO - A8 
Refresh Address 
Inputs 


4.3 
Address Multiplexing 
Dynamic 
RAMs are used to increase capacity 
be- 
cause of their smaller cell area. 
In using dynamic 
RAMs in systems, however, it is desirable to increase 
the memory density by using smaller packages. 
To 
reduce the number 
of 
pins and the package size, 


address multiplexing is used. 
Using a 1-Mbit dynamic RAM, 20-address signals are 
necessary to select one of 1,048,576 
memory cells. 
Address 
multiplexing 
allows address signals to be 
applied to each address pin. Thus only la-address 
input pins are required to select one of 1048,576 
addresses. 
Multiplexed 
address inputs 
are latched 
as follows: 
RAS (Row Address Strobe) selects one 
of word lines according to the row address signal, 
and one of column 
decoders 
is selected 
by CAS 
(column 
address strobe) 
following column 
address 
signal. 
Although 
two extra signals, RAS and CAS, 
are required, the number of address pins is reduced 
to 
half. 
Figure 
4-2 shows 
the pin arrangement, 
address latch waveform, 
and the block diagram of 
address-multiplexed 
l-Mbit dynamic RAM. Systems 
need an address multiplexer 
in order to latch the 
multiplexed 
address signals into the device. 


(t) 
Bloek c:liaaram of Addre •• Multiplexinl 


Figure 4-2 
Add •.•• Multiplexing of Dynamic RAMa 
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4.4. 
Dynamic RAM Function 


Figure 
4-3 
shows 
the 
normal 
function 
of Dynamic 
RAM. 


'RC: 
'RCD: 
'RAC: 


'CAC: 
R: 
c: 


Random Read or Write Cycle Time 
RAS to CAS Delay Time 
Access Time from RAS 
Access Time from CAS 
Row Address 
Column Address 


(a) 
Read Cycle 


RAS 


~ 
~z 


ill 


CAS 


CAS 


Address :buo:: 


Address 


WE 
:M!:w;= 


WE 


Din 
Din 


Doul 
Hish Z 
(Delayed Write) 
(Early Write) 
(b) 
Write Cycle 


Read 
Cycle: 
In the 
read 
cycle, 
a row 
address 
is 


latched 
at the 
fall ing edge of liJ\S", and a column 


address 
is latched 
at the 
fall ing edge 
of CAS' after 


the 
~falling 
edge. 
If wr:: is high, 
the 
data 
is 


read 
out 
from 
Dout 
with 
the 
access 
time 
of tCAC 


(Access 
time 
from 
CAS) 
or 
tRAC 
(Access 
time 


from RAS"l. 


The 
tRCD 
maximum 
(RAS 
to 
CAS 
delay 
time) 
is 


specified 
only 
to 
guarantee 
the 
specified 
minimum 


values 
of 
other 
timings 
such 
as 
the 
cycle 
time, 


RAS/CAS 
pulse width. 
Therefore, 
when 
using these 


timings 
with 
more 
than 
the 
specified 
minimum 


value, 
there 
is no 
need 
to 
limit 
the 
tRCD 
to 
the 
specified 
maximum 
value. 


Write Cycle: 
Dynamic 
RAM provides 
two write 
cycle 
modes: 
early 
write 
cycle 
and 
delayed 
write 


cycle. 
In 
the 
early 
write 
cycle, 
when 
WE 
is low, 


data 
is written 
into 
Din at the 
falling 
edge 
of CAS. 


In 
delayed 
write 
cycle, 
when 
WE 
is high, 
data 
is 


written 
into 
Din at the falling 
edge of WE after 
CAS 


falling. 
Read·Modify·Write 
Cycle: 
The read-modify-write 
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cycle is initiated 
by taking WE high. 
Data is read 
out from Dout at the falling edge of CAS with WE 
high. Then, when WE goes low, data is written into 
the same address from Din in the same cycle. 
The 
cycle 
time 
in 
the 
read-modify-write 
mode 
(tRwcl is longer than the cycle time in read/write 
mode (tRcI. 


4.5 
High Speed Access Mode 
Dynamic 
RAM access time is typically longer than 
that of static RAMs. To realize higher speed opera- 
tion, they have high speed access modes. 
The read operation 
in dynamic 
RAM is performed 
as follows: 


When a word line is selected by row address, all data 
in the memory cells connected to the selected word 
line is transferred 
to sense amplifiers. 
One of these 
sense amplifiers is selected by the column address, 
and its contents are output. 
The output 
of data from other sense amplifiers is 
controlled only by the column address. 
Access controlled 
only by column address with the 
row address fixed is called high speed access mode. 
Table 4-1 compares each mode. 
Page Mode: 
This is the most typical access mode in 
dynamic 
RAM. 
The 
column 
address is switched 
synchronized with CAS falling. 
Nibble 
Mode: 
In a nibble mode dynamic 
RAM, 


RAs 


~ 


Normal 
CAS 
Mode 
Addre'5 
R : Row Address 
Dou' 
C . Column Addrnl 


Nibble 
Mode 


Static Column 
Mode 
\\-_---~ 


~~ 


High-Speed 
Page Mode 
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data from 4 sequential 
addresses is stored in the 
4-bit output 
latch circuits. 
Output 
is provided by 
the CAS signal, which controls the latch circuits. 
When 4 addresses are accessed sequentially, the row 
addresses 
on and 
after 
second 
bit 
need 
not 
be 
selected. 
Therefore, 
it facilitates the timing design. 


In nibble mode, the operation 
is limited to 4 ad· 
dresses, 
however, 
it enables 
faster access 
(tNAC) 
than that in page mode. 
Static Column Mode: 
In static column mode, the 
column address is switched without 
the synchro- 
nized signal by high-speed static RAM technology 
in the peripheral circuits. 
High Speed Page Mode: 
This mode is the advanced 
mode of static column mode, with CAS providing 
the address latch function. 


4.6 
Refresh 
Refresh operation 
is performed 
by accessing every 
word line within the specified time (refresh cycle). 
Table 4·2 compares the following refresh modes in 
dynamic RAM. 
RAS Only Refresh: 
In RAS only refresh 
mode, 


refresh can be completed 
by selecting only 
row 
addresses synchronized with RAS. 
CAS Before RAS Refresh: 
This mode refreshes by 
the CAS falling edge before RAS in the period de- 
fined by the internal refresh address generator. 
This 
mode simplifies the external address multiplexer. 
Hidden Refresh: 
In hidden refresh, CAS before 
RAS refresh is performed while output data is valid. 


RAS Only 
Refresh 
A=.~i 
Daut 
_ 


CAS before 
RAS 
Refresh 


Hidden 
Refresh 
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5. EEPROM 
5.1. 
EEPROM Memory Cell 
EEPROM is electrically erasable and programmable 
ROM, which 
can 
be erased 
or written 
remotely 
while the system is in operation. 
The Hitachi EEPROM memory cell is MNOS (Metal 
~itride 
Qxide §.emiconductor) 
type, 
as shown 
in 
figure 5-1. 
An MNOS memory 
cell consists of two 
layers of 
oxide film and nitride film. The thickness of oxide 
film is about 20 A and that of nitride film is 300 to 
500 A. 
There 
are traps 
in the boundary 
of the 
oxide and nitride films to catch electrons. 
Electrons 
move by the tunneling 
phenomenon 
between the 
substrate and traps. 


5.2. 
64-kbit CMOS EEPROM Function 
Page Write Function: 
The 64-kbit 
HN58C65 can 
latch 32 bytes (max) and write them in one write 
cycle. Writer cycle time is specified as 10 ms (max.). 
The effective byte write speed of HN58C65 in page 
write mode is: 
10 ms/32 bytes = 0.31 ms/byte 
Thus it takes only 2.56 seconds to write the whole 
HN58C65. 
Figure 
5.2 
shows internal operation. 
The following describes operation sequence: 
1. 32-byte 
memory 
cell data 
at the 
row address 
selected by address pins A5 - A12 is latched. 
2. Latched data at the column address specified by 
address pins AO - 
A4is 
altered with write data, 
which is put into Din buffer from I/O pins 1/00 
-1/07. 
The 32 bytes (max) of latched data are altered 
by repeating this operation 32 times. 


3. 32-bytes 
memory 
cell data in the selected row 
(1) are erased (All 1). 


4. Latched data is written into the selected row (3l. 
5. CPU acknowledges the completion of write cycle 
by the internal 
timer. 
The HN58C65 provides 
ROY/BUSY 
and 
Data 
polling 
to 
indicate 
the 
write completion. 


AO-A. 


Figu•• 5-2. 
HN58C65 PageWrite 


Internal 
Timer: 
The 
HN58C65 
indicates 
the 
completion 
of data write to the CPU by using the 
internal timer. 
The HN58C65 enters next cycle as 
soon 
as detecting 
the completion 
of write. 
This 
function 
offers high system throughput 
as the CPU 
can access other 
devices during write cycle. 
The 
HN58C65 has two functions, 
ROY/Busy and Data 
polling, to indicate the completion 
of data write. 


The ROY/Busy approach 
indicates the completion 
of data write by using pin 1. 
It is low when the 
HN58C65 
is in data write operation 
(Busy) and 
turns 
to high impedance 
state at the end of data 
write (ROY). 
ROY/Busy pin should be pulled up as 
it uses open drain output. 
The ROY/Busy pins can 
be wired-OR when using several HN58C65s. 
The Data polling approach, 
implemented 
by soft- 
ware, 
indicates 
the 
completion 
of 
data 
write 
through 
pin 19 (1/07). 
While the data write is not 
completed, 
1/07 shows the inverted data of what 
was written in the last cycle. 
In using this approach, 
ROY/Busy 
pin 
should 
be 
opened 
or grounded. 
The 
Data 
polling 
approach 
can acknowledge 
the 
completion 
of data write in an individual HN58C65, 
even if several HN58C65s are used in the system. 
Data 
Protection: 
EEPROM 
performs 
data 
write 
with 
a higher 
voltage 
(Vpp) 
than 
power 
supply 
voltage (Vcc). 
The HN58C65 internally generates 
Vpp by a high voltage generator with the combina- 
tion of control pins (CE, OE, WE). It supports the 
following 
functions 
to avoid accidental 
data write 
(data protection). 
1. Data protection 
against the noise on the control 
pins (CE, OE, WE) during operation. 


2. Data protection 
against the noise at power-on/ 
power-off. 
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6. EPROM/OTPROM 
6.1. 
EPROM Programming 


Figure 
6-1 
shows 
the 
sectional 
structure 
of an 


EPROM memory cell. 
The upper gate, one of the 


gates made of two-layered 
polycrystalline 
silicon, is 


called the control 
gate and is connected 
to a word 


line. The lower layer is called the floating gate and 
is not connected. 
This memory cell is programmed 


as follows: 
With substrate 
and source grounded, 
apply high voltage between drain and control gate. 
Then, 
an electric potential 
incline occurs between 


source 
and drain so that 
intensity 
of the electric 


field becomes high near the drain. 
Because of this 


electric field, electrons are accelerated and so-called 
hot electrons 
are generated, 
which jump over the 


energy 
barrier 
of SiOl 
film. 
Hot electrons 
are 


pulled by the electric potential 
of the control gate 


and pour into the floating gate. 
Electrons stored in 


the floating gate remain stable, as they fall into a 
well surrounded 
by an energy barrier of SiOl film. 


Therefore, 
it is evident that the quality of SiOl film 


surrounding 
the floating gate is essential for good 


data retention 
characteristics. 
To keep data reten· 


tion in the 5- or 1o-year range, high quality SiOl 
film is needed. 
Figure 6-2. shows the fundamental 
characteristics of 


the 
EPROM transistor. 
While 
10 
in a non-pro- 


grammed transistor begins to flow with VG of about 
1V, the current in a programmed transistor does not 
flow until VG rises to 7 V - 
10 V. Therefore, if the 


voltage of word line applied to the control gate is 
about 5 V in readout, the non-programmed 
memory 


transistor 
will be on, and the programmed one will 


be off. 
This means that the data can be read out by 


means 
of the 
same structure 
as NOR-type 
mask 


ROM. 


6.2. 
Erasing EPROM 


When shipped, all bits of the EPROM are at logic 1 
with 
all electrons 
in the 
floating 
gate 
released 


(erase). 
Changing the logic 1 to logic 0 through the 


application 
of the specified waveform and voltage, 


programs the necessary information. 
The higher the 


Vpp voltage and the longer the program pulse width 
tpw, 
the more electrons can be programmed 
in, as 


shown 
in Figure 
6-3. 
If Vpp exceeds the rated 


value, such as by overshoot, 
the p-n junction of the 


memory 
may yield to permanent 
breakdown. 
To 


avoid 
this, 
check 
Vpp 
overshoot 
of the 
PROM 


programmer. 
Also, check negative-voltage-induced 


noise at other terminals, which can create a parasitic 
transistor 
effect 
and 
reduce 
the 
yield 
voltage. 


Hitachi's EPROMs can usually be written and erased 
more than 100 times. 


yConOOIC'" 


SiO. 
VZ/Z 
. 


~ 
FJoaonl c." 


Sou." ~rzzZZY 
D••in 


I 


Non-progammed 
Memory 
cell 


riMv. 
v,LW 


Figure 6-2. 
Fund.m ••.•tlIl Chllr.eteriltic of EPROM 
Memory cell 


Procramminc 
Conditions 
; 


Vcc=6.0V. 
V,.,.=12.5V 


Figure 6-3. 
Stend.rd Progremmino Chllreet.ristics 
of EPROMs 


EPROMs are erased 
by ultraviolet 
light exposure 


through 
a transparent 
window 
on the 
package. 


Electrons 
in the 
floating 
gate 
get energy 
from 


photons 
and 
become 
hot 
electrons 
again 
with 


enough energy to go over the energy barrier of SiOl 
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film. 
The 
hot 
electrons 
go through 
to the 
control 
gate 
or 
the 
substrate 
and 
erasure 
is completed. 


Therefore, 
light 
with 
enough 
energy 
to 
get 
the 
electrons 
over 
the 
energy 
barrier 
of 
Si02 
film 
is 
needed 
for erasure. 
Light 
energy 
is proportional 
to 


its frequency, 
and 
described 
as E = hv. 
E means 
the 


energy 
of 
light, 
h 
is Planck's 
constant, 
v is light 


frequency. 
Erasure 
isn't 
caused 
by light over certain 
wavelengths, 
and 
under 
certain 
wavelengths, 
erasure 


does 
occur. 
However, 
erasure 
time 
depends 
upon 


the 
quantity 
of 
photons, 
therefore 
erasure 
time 
cannot 
be shortened 
by shorter 
wavelength. 
Figure 


6-4 
shows 
the 
relation 
between 
wavelength 
and 


erasure 
effectiveness. 
Erasure 
starts 
at about 
4000 


A, and is saturated 
at about 
3000A. 


be removed 
with 
a solvent 
such as alcohol 
that 
does 
not damage 
the package. 


Figure 
6-5 
shows 
EPROM 
standard 
erasure 
charac- 


teristics. 


6.3. 
EPROM 
Data 
Retention 
Characteristic 


About 
2 to 
20 X 10-14 
coulomb 
of 
electrons 
are 


accumulated 
in the floating 
gate when 
programmed. 


However, 
these 
electrons 
dissipate 
with 
time. 
Then 


the 
data 
may 
be 
inverted. 
The 
mechanism 
of 


electron 
dissipation 
is generally 
explained 
as fol- 


lows. 


Data 
Dissipation 
by 
Heat: 
The 
electrons 
at 
the 


floating 
gate 
are 
in a non-equilibrium 
state, 
so the 


dissipation 
of 
electrons 
by 
thermal 
energy 
is un- 


avoidable. 
Therefore, 
the 
data 
retention 
time 


depends 
on 
temperature. 
Figure 
6·6 shows 
typical 


data 
retention 
characteristics. 
The 
data 
retention 
time 
is proportional 
to 
the 
reciprocal 
of absolute 


temperature. 


~~ 
10' 


E 
J 
10' 
"' 
"- 
10' 
!: 
:>: 
10' 


10' 


For 
erasure, 
the 
wavelength 
and 
minimum 
irradia- 


tion 
rate 
of ultraviolet 
light must 
be 2,537 A and 15 
W's/cm2 
respectively. 
These 
conditions 
can be met 
by 
placing 
the 
device 
2 - 
3 cm 
below 
a 12,000 


W/cm2 
UV lamp for about 
20 minutes. 


The 
UV 
transmittance 
of 
the 
transparent 
lid 
materials 
is about 
70%. However, 
it is influenced 
by 


contamination 
or 
foreign 
materials 
on 
the 
lid 
surface. 
Contamination 
or foreign 
materials 
should 


'\ 


11\ 


I). 


F'> 


J 
V 


J 
/ 


Data 
Dissipation 
by Ultraviolet 
Light: 
Ultraviolet 


rays 
at 
a wavelength 
of not 
greater 
than 
3,000 
- 
4000A 
is capable 
of releasing 
the 
electric 
charge 
at 
::~ 
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floating 
gate of the EPROM with 
varying efficien- 
cies. 
Fluorescent 
light 
and sunlight contain some 
ultraviolet 
light, and so prolonged exposure to these 
lights 
can cause data corruption 
as a result 
of 
electric 
charge dissipation. 
Figure 6-7 shows the 
standard, data retention 
time under an ultraviolet 
eraser, sunlight and fluorescent lighting. 


6.4 Optimized High·Speed Programming 
With the increase of EPROM density, the time for 
programming 
becomes 
more 
important. 
The 
method for high speed programming has been de- 
veloped and put 
into 
practical 
use according to 
each EPROM generation. 
Following 
explains three methods for High-Speed 
programming. 
(1) 
First generation ... conventional programming. 
This method is employed in the 3/lm 
and 5/lm 
process products. 
Programming is performed with 
a uniform 
pulse of 50 ms per byte. Although it is 
the advantage that it appl ies enough pulse to all 
bits, it takes much time to program high density 
devices. 
(2) Second 
generation 
High 
performance 
programming 
This method is employed in 2 /lm process product. 
"High 
Performance 
programming 
(figure 6-8) 
is 


Figure 6-8. 
High-Speed 
Progremming 
(High Performance 
Programming) 


performed 
with 
a base pulse of 
1 ms width. 
It 
repeats programming and reading (verifying) 
until 
the data is programmed enough. 
There are two 
good points in this programming. 
First, the programming 
itself 
is performed 
with 
optimum 
program time depending on the capabili- 
ty of each memory cell. 
Second, after verification, 
the data is programmed 
using three times as long a pulse and assureshigh- 
reliability 
data retention. 


(3) Third generation ... Fast High Reliability 
Pro- 


gramming 
This method 
is employed 
in the 1.3 /lm 
process 
products. 
"Fast 
High-Reliability 
Programming" 
(figure 6·9) is performed with a base pulse of 0.2 
ms. It also shortenes a supplement pulse width to 
one-third 
of 
that 
of 
"High 
Performance 
Pro- 
gramming". 
As a result, this method realizes short 
programming 
time, 
reduced 
to 
one·tenth 
theoretically. 
1M 
bit 
EPROM 
series 
employ 
"Page 
Pro- 


gramming", which programs 32-bit at once (figure 
6·10), reducing programming time to a quarter of 
"Fast High·Reliability 
Programming" for 128k x 8 
organization and a half for 64k x 16 organization. 
Figure 6-11 shows the programming time of above 
methods. 


Figure 6-9. O.2m. High-Speed 
Programming 
(Fast High-Raliability 
Programming) 


~HITACHI 


52 
Hitachi America, Ltd.• 
Hitachi Plaza. 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 


Fillure 6·10. 
Pelle-Mode Prollremming 
(Pelle Progremminlll 


6.5 
Device Indentifier 
Code 
EPROM 
programming 
conditions 
depend 
on 
EPROM manufacturers 
and device types, confusion 
may 
cause miss operation. 
As a countermeasure 
some EPROMs provide 
device identifier 
code in· 


c1uding such information 
asmanufacture and device 


type. 
Some newly developed commercial 
EPROM 
programmers can set write conditions 
automatically 
by recognizing this code. 
Different 
programming 
conditions 
are as follows: 


(1) program voltage, (2) program timing, 
(3) high- 
performance 
programming 
algorithm, 
(4) pin con· 
figuration. 
The 
Hitachi 
EPROM 
has 
a 
device 


identifier 
code area besides the memory accessarea, 
asshown in figure 6-12. 


I SUms programminR 


I 
I 
I 
I 
I 


lms 
High·speed 


programming / 
I 


128k 
2M 


Storage 
capacity(X8 
organization) 


(Note) 
Actual program time differs according to 
the programmer. 


Fillure 6·11. 
Shortened Progrem Time by High- 
Speed Progremminll. 


Table 6-; describes how to use the device identifier 
code. 
Setting A9 at 12 V and A1 - AS, Al0 
- A13 
at V IL 
access the device identifier 
code area and 
1/00 
- 
1/07 
output 
the 
programming 
condition 
code with V1L 
or V1H 
of AO. 
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A. 
1/08-1/015 
1/07 
1/06 
1/05 
1/04 
1/03 
1/02 
1/01 
1/00 
Hex Data 


Manufacturer 
Hitachi 
VIL 
- 
0 
0 
0 
0 
0 
1 
1 
1 
07 
Code 


HN27128A 
- 
0 
0 
0 
0 
1 
1 
1 
1 
00 


HN27256 
- 
0 
0 
0 
1 
0 
0 
0 
0 
10 


HN27C256 
- 
1 
0 
1 
1 
0 
0 
0 
0 
BO 
ROM 
HN27C256H 
V/H 
- 
0 
0 
1 
1 
0 
0 
0 
1 
31 
code 
HN27C256A 
0 
0 
1 
1 
0 
0 
0 
1 
31 
- 


HN27512 
- 
1 
0 
0 
1 
0 
1 
0 
0 
94 


HN27CI024H 
- 
1 
0 
1 
1 
1 
0 
1 
0 
BA 


1. Pin contact 
check 
In 
the 
ROM 
pin 
and 
socket 
connection 
test, 


checking 
is normally 
performed 
by detecting 
the 


forward 
current 
at 
each 
EPROM 
pin. 
Care 
is 


necessary 
as th is forward 
biased 
resistance 
differs 
in products 
of each company. 
2. 
Reverse 
insertion 
check 


This 
check 
detects 
the 
reverse 
insertion 
of the 
device, 
places 
the 
equipment 
in reset 
mode 
and 


protects 
the device 
and equipment. 


3. Blank check 
This check 
is performed 
before 
programming. 
It 


checks 
whether 
the 
device 
is an erased 
EPROM, 


or it preventing 
EPROM 
reprogramming. 
Since 


the 
output 
data 
in the 
erased 
condition 
are 
1 


(high 
level). 
check 
whether 
or 
not 
data 
in 


EPROM 
are all 1. It will fail-stop 
even when 
one 
bit 
is 0 (low 
level). 
Normally, 
it is designed 
to 


provide 
warning 
with 
a lamp or buzzer. 
4. Programming 


The 
function 
of 
programming 
the 
data 
in the 
internal 
RAM 
of the 
programmer 
into 
EPROM 
will fail-stop 
when 
programming 
cannot 
be done. 


The 
normal 
flow 
is as shown 
in figure 
6-14. 
The 
EPROM 
data 
will 
be 
read 
out 
prior 
to 
pro- 


gramming 
and compared 
with 
programming 
data. 


If they 
coincide, 
programming 
will 
be skipped 
and 
if 
they 
differ, 
programming 
will 
be 
per- 


formed. 
Then, 
the 
data 
will 
be read 
out 
again 
and 
compared 
with 
the programming 
data, 
and if 


they 
coincide, 
the 
programmer 
will 
progress 
to 
the next 
address. 


5. Verify 


This 
function 
checks 
after 
programming 
com- 


pletion 
whether 
or 
not 
the 
programming 
is 


correct 
when 
comparing 
with 
the 
data 
in the 
internal 
RAM 
of the 
programmer. 
It performs 


fail-stop 
when 
they 
do not 
coincide. 
Normally, 


when 
it fails, 
it lights 
the 
fail lamp 
and displays 
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A9: 
12V 
AI -A8, AIO -AI3: 
V/L 


AI4, AIS: Don't care 


6.6 
Shielding 
Label 
When 
using 
an EPROM 
in an environment 
where 
it 


can 
be exposed 
to 
ultraviolet 
light, 
Hitachi 
recom- 


mends 
putting 
a shielding 
label on its transparent 
lid 


to 
absorb 
ultraviolet 
light. 
In choosing 
a shielding 


label, 
the 
following 
points 
should 
be 
carefully 


checked. 
* Adhesiveness 
(mechanical 
strength). 
Avoid 


repeated 
attaching 
or exposure 
to dust 
that 
may 
reduce 
the 
adhesive 
strength. 
Ultraviolet 
erasing 


and 
reprogramming 
are 
recommended 
after 


stripping 
off 
an attached 
label. 
(When 
the 
need 


arises 
to 
change 
a label, 
it is advisable 
to put 
a 


new 
one 
on 
over 
the 
old one 
since 
peeling 
may 


create 
a static 
charge.) 
* 
Allowable 
temperature 
range. 
Use the 
shielding 
label 
in an environment 
whose 
temperature 
falls 
within 
the specified 
allowable 
temperature 
range. 


Beyond 
the 
specified 
temperature 
range, 
the 
paste 
on 
the 
label 
may 
harden 
or stick 
too 
fast.- 


When 
it hardens, 
the 
label may 
come 
off easily. 
When 
it sticks 
too 
fast, 
the 
paste 
may remain 
on 


the 
window 
glass 
after 
the 
label 
has 
been 
re- 
moved. 


* 
Moisture 
resistance. 
Use the shielding 
label in an 


environment 
whose 
humidity 
falls 
within 
the 
specified 
allowable 
humidity 
range. 


6.7 
EPROM 
Programmer 
The 
EPROM 
programmer 
stores 
the 
user's 
program 


in its internal 
RAM 
and 
writes 
the 
program 
in the 
EPROM. 
For this programming, 
3 functions 
at least 


are 
necessary: 
blank 
check 
function 
prior 
to 
pro- 


gramming, 
programming 
function. 
and 
the 
verify 


function 
after 
programming. 
Figure 6·13 shows the 
programming 
flow 
chart. 
Some 
programmers 
check 


for 
pin 
contact 
fai lure 
or 
the 
reverse 
insertion 


before 
the blank 
check. 
The outline 
of each block 
is as follows. 


(sTiRT) 


/' 
" 
/ 
, 
(/ 
Che1:k Pin ') 


" 
Contact 
,;' 
..• 
/ 
..• 
/ 
, 
/ 


Figure 6·13. 
Progremmlng 
Flow Chert of EPROM 
Progremmer (1) 


Figure 6·14. 
Progremming 
Flow Chert of EPROM 
P,ogremmer (2) 


the address and data. 


6. How to input the program 
Table 6·2 shows several methods 
for inputting 
the program 
data to the internal 
RAM of the 
programmer. 
Normally, 
paper 
tape input 
and 
teletypewriter 
input are prefered options. 


Method 


Copy input 


Manual input 


Content 


Input by copying the master ROM. 


Input by the keyswitch on the front 
panel. Used for correction or 
revision of program 


Read the paper tape furnished 
from the host system with the 
tape reader 


Input with the teletypewriter. 
Preparation, correction, and list 
preparation of the program can be 
made. 


Teletypewriter 
input 


6.8 Handling EPROMs 
Touched 
with a charged 
human 
body 
or rubbed 
with plastics or dry cloth, the glass window of an 
EPROM generates static electricity which causes de- 
vice malfunctions. 
Typical malfunctions 
are faulty 
blanking and write margin setting that give the false 
impression 
that 
information 
has 
been 
correctly 


written in. As already reported 
at the international 
conferences 
concerning the reliability of LSI chips, 


this is due to the prolonged 
retention 
of electric 
charge (resulting from the static electricity) 
on the 


glass window. 
Such malfunctions 
can be eliminated 
by neutralizing the charges by irradiating with ultra- 
violet rays for a short time. The EPROM should be 
reprogrammed 
after this irradiation 
since it reduces 


the electric charges in the floating gate, too. 
The 
basic countermeasure 
is to prevent the charging of 
the window, which can be achieved by the following 
methods 
as in the 
prevention 
of common 
static 
breakdown of ICs. 
1. Ground 
operators 
who 
handle 
the 
EPROM. 
Avoid 
using 
things 
such 
as gloves that 
may 
generate static electricity. 


2. Refrain 
from 
rubbing 
the 
glass window 
with 
plastic or other materials that may generate static 
electricity . 
3. Avoid the use of coolant 
sprays which contain 
some ions. 


4. Use shielding labels (especially those containing 
conductive 
substances) 
that 
can 
evenly 
dis· 
tribute established charge. 


6.9 Ensuring OTPROM Reliability 
One 
time 
electrically 
programmable 
ROM 
(OTPROM) 
has two 
kinds of packages: 
standard 
dual in-line package (DIP) and small outline package 
(SOP). 
It is one time only programmable because it 
has no window for ultraviolet light exposure; testing 
by programming 
and erasure cannot 
be performed 
after it is assembled. 
So, 
Hitachi 
performs 
screening 
test for program· 


ming, access time, and data retention 
on wafers at 


proving test. 
However, rare defects 
may occur in the assembly 


process cannot 
be completely 
removed in final test 
screening which is only a reading test. 
Therefore, 
Hitachi recommends 
that users perform 


high temperature 
baking after programming devices 
to ensure high reliability. 
Detailed conditions and procedures for screening are 
shown 
in figure 6-15. 
First, program 
and verify 
devices. Then, leave them 
without 
bias at 125 to 
150 
0 C for 24 to 48 hours. 


After that, check read·out function 
and remove the 
chips with data retention failures. 
From 
the results of devices in which the recom· 


mended 
screening test 
is properly 
performed, 
we 
confirm 
that 
the data 
retention 
characteristics 
of 


OTPROMs are equal to general EPROMs. 


@HITACHI 


Hitachi America, Ltd .• 
Hitachi Plaza. 
2000 Sierra Point Pkwy.• 
Brisbane. CA 94005-1819 • (415) 589-8300 


Pro(p"Un and 
Verify 
by Procrammer 


Min. at 


125 to lSO"C 


for 24 to 48hrs 
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The 
writing 
of the 
custom 
program 
code 
into mask 


ROMs 
is performed 
by the 
CAD 
system 
on a large- 


sized 
computer. 
ROM code 
data 
should 
conform 
to 


specifications 
given 
below, 
using 
either 
paper 
tape, 


EPROM, 
or magnetic 
tape. 
Additional 
instructions, 


such 
as 
chip 
select 
and 
customers' 
part 
number, 


should 
be given 
in the "ROM 
Specification 
Identifi- 


cation 
Sheet" 


7,1 
Specification 
of EPROM 


1. Submit 
the 
three 
sets of the 
EPROM-stored 
data. 


Specify 
the 
address 
of the 
EPROM 
in the case of 
two or four 
EPROMs. 


2. The 
ROM 
code 
data 
is 
input 
from 
the 
start 
address 
to Final Address 
in the EPROM. 
3. Type 
of EPROM 


HN482764 
(8-kword 
x 8-bit, 
2764 
Compatible) 
HN4827128 
(16-kword 
x 
8-bit, 
27128 
Com- 
patible) 
HN27256 
(32-kword 
x 
8-bit, 
27256 
Com' 


patible) 


HN27C256 
(32-kword 
x 
8-bit, 
27C256 
Com· 
patible) 


7.2 
Specification 
of Magnetic 
Tape 


1. Use the 
following 
type 
of 
magnetic 
tape 
which 


can 
be 
used 
by 
a magnetic 
tape 
device 
com- 


patible 
with the 
IBM magnetic 
tape device. 


Length 
2 AOO feet, 
1,200 
feet or 600 feet 
Width 
1/2 inch 


Channel 
9 channels 
Bit density 
800 BPI or 1,600 
BPI (Clearly 


state 
which 
it is in the 
"ROM 


Specification 
Indetification 


Sheet".) 


2. Use EBCO IC as the use code. 
3. 
Follow 
the 
format 
of the 
magnetic 
tape 
as de- 


scribed 
below 
No leading 
tape 
mark 


No label 


Record 
size 
80 byte/1 
record 
Block size 
10 records/1 
block 
The 
end 
of 
the 
file 
should 
be 
indicated 
by 2 
successive 
tape 
marks 
(TM) (figure 
7-1). 


4. 
HMCS6800 
load 
module 
data 
mode. 
This 
mode 


is the 
object 
mode 
output 
from 
the 
assembler 
HMCS6800. 
Oivide 
the 
8-bit 
code 
into 
the 
upper 
and 
lower 


4·bit 
codes, 
and 
convert 
each 
into 
hexadecimal 
notation. 


Example: 
The 
code 
1100 
0110 
is 
as 
follows 
under 
binary 
notation. 


(Upper 
4-bits) 
(Low 4-bits) 
Bit weight 


07060504 
030201 
DO (ROM output 
1 
1 
0 
0 
0 
1 
1 
0 
equivalence) 


The 
actual 
load 
module 
mode 
is shown 
in figure 
7-2. 


0__ 
~I_O'_'_I 
~_'O'_'_' 
~_'"_"_3 
~[IIIEJ 


EJ- 
• 
I 
J 
8 
~d.S\lm) 
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SO indicates 
the head of the file and 59 indicates 
the 


end 
of the 
file. 
The 
actual 
data 
starts 
following 
51. 
This 
means 
that 
the 
data 
starts 
from 
the 
address 
(hexadecimal) 
indicated 
in 
the 
address 
size. 
The 


address 
of 
the 
address 
size 
of the 
data 
recorder 
is 


compared 
with 
the 
next 
data 
recorder 
address 
by 


counting 
in increments 
of 
1 byte 
of 
the 
data 
and 
checking 
whether 
it 
is 
sequential 
or 
not. 
The 


printed 
example 
of 
the 
HMCS6800 
load 
module 


mode 
is as shown 
in figure 
7-3. 


Data 
Record 


End of 
File 
Record 


-S113F0007EF5587EF7897EFAA77EF9C07EF9C47E24 


-SI12FOIOFA657EFA8B7EFAA07EF9DC7EFA247E06 


-S9030000FC 


If an address 
is skipped, 
enter 
the 
skipped 
address 
into 
the 
"ROM 
Specification 
Identification 
Sheet" 
and 
the 
data 
(00 
or FF) 
entered 
into 
the 
skipped 


address. 


5. BNPF 
mode 
One 
word 
is symbolized 
by the 
word 
start 
mark 


B, the 
bit content 
represented 
by 8 characters 
of 
P and N. and the BNPF slice composed 
of succes- 
sive 10 characters 
of the work 
end mark 
F. 


The 
contents 
from 
F of one 
BNPF 
slice up to B 


of the next 
BNPF slice are ignored. 
(Example) 
The 
code 
of 
AA 
(hexadecimal) 
is 
symbolized 
as shown 
in figure 
7 -4. 


It is necessary 
to designate 
the bit pattern 
(BNPF 
slice) 
on all ROM addresses. 
Therefore, 
the term 


of the 
ROM head address 
of "ROM 
Specification 


Identification 
Sheet" 
always 
becomes 
O. 


B . . . . . .. 
Indicates 
start 
of 1 word. 


N 
Indicates 
1 bit data. 


P 
Indicates 
1 bit of 1 data. 


F 
Indicates 
end of 1 word. 


7.3 Specification of Floppy Disk 


1. Use 
the 
following 
type 
of 
floppy 
disk 
(figure 
7-5): 


Type .... 
8 Inch Single 
Sided and Single 
Density 
Number 
of Sectors 
. . . . . . . . . . . . . . . .. 
26 
Number 
of Tracks. 
. . . . . . . 
. . .. 
77 


Sector 01 


Sector 02 


Track 
00 
(Index ·Track) 


Figure 7-5. 
Floppy Disk Format 


2. Use EBCD IC as the use code. 
3. 
Format 
the floppy 
disk as described 
below. 
Composition 
is described 
in table 
7-1. 


Record 
size 
80 byte!1 
record 


--------- 
-- 


Location 
No. 
Item 


Track 
Sector 


1 
Standard 
Volume 
Label 
00 
07 
--- 


2 
Standard 
Head 
Label 
00 
08 - 
26 
-- 
------- 


3 
Data 
Area 
01 - 
73 
01 - 
26 
--------- 


4 
Alternal 
Track 
75,76 
01 - 
26 
- 
--- -- 


5 
Spare 
Track 
00 
01 - 06 
74 
01 - 
26 
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Use the sectors as in figure 7·6. Use one sector 
for one record, that is, 80 bytes out of 128 bytes 
used for one record. 
4. Data Mode. See data mode for magnetic tape. 


) Track 
------------- 
------j 


Sector 3 
~lur 
l4 
Sector 25 
SKlar 26-J 


~llM 
b}"l~l .!. 
1128 bytes) .!. 
IIl8 bytes) 
I 


~: 
unused 


CM<:ktlle 


<l:?n~i.r.t~:~l 
> 


ROMCo.k 


C ••UOmtl 
Lisl 
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8. INSTRUCTIONS 
FOR USING MEMORY 
DEVICES 
8.1 Prevention of Electrostatic 
Discharge 
As semiconductor 
memory 
designs are based on a 
very fine pattern. 
they can be subject to malfunc- 
tion or defects caused by static electricity. 
Though 
the built-in protection 
circuits assure unaffected re- 
liability 
in normal use. devices should be handled 
according to the following instructions: 
1. In transporting 
and storing memory devices, put 
them in conductive 
magazine or put all pins of 
each device into a conductive 
mat so that they 
are kept at the same potential. 
Manufacturers 
should 
give enough 
consideration 
to 
packing 
when shipping their products. 


2. When devices touch a human body in mounting 
or inspection, the handler must be grounded. 
Do 
not forget 
to insert a resistor (1MU approx 
is 
desirable) 
in series to protect 
the handles from 
electrical shock. 


3. Keep the relative ambient humidity at about 50% 
in process. 


4. For 
working 
clothes, 
cotton 
is preferrable 
to 
synthetic fabrics. 


5. Use a soldering iron operating at low voltage (12 
V or 24 V, if possible) with its tip grounded. 
6. In transporting 
the board with memory devices 
mounted 
on it, cover it with conductive 
sheets. 
7. Use conductive 
sheets of high resistance (about 
109 ohm/D) to protect devices from electrostatic 
discharge. 
For, 
if 
dropped 
onto 
conductive 
materials 
like a metal 
sheet, 
devices may de- 
teriorate 
or even breakdown 
owing to sudden 
discharge of the charge stored on the surface. 
8. Never set the system to which memory devices 
are applied 
near anything 
that 
generates 
high 
voltage (e.g. CRT Anode electrode, etc.). 


8.2 Using CMOS Memories 
As shown 
in figure 
8-1, the 
input 
of a CMOS 
memory is connected 
to the gate of an inverter con- 
sisting of PMOS and NMOS transistors. 
Figure 8-2 
shows the relationship 
between 
the input voltage 
and current 
in this inverter. 
The top and bottom 
transistors 
turn ON and make current flown when 
the input voltage becomes intermediate 
level. There- 
fore, it is necessary to keep the input voltage below 
0.2 V or above Vee 
- 0.2 V in order to minimize 
power consumption. 
The data sheet specifies the 
stand-by 
current 
for both the cases of input level 
with minimum 
V1H 
and maximum 
V1L 
and that 
with 0.2 V or Vee 
- 
0.2 V, and the difference in 
value is remarkably 
great. 
Some memory 
devices 


are designed to cut off such current flow in standby 
mode by the control of input signals, but it depends 
on device type. 
This should be confirmed 
in data 
sheets for each device type. 


:;511°c~5'OV 
:5 • 
E 3 


~ 
2 


r 
1 


<3 
0123.56 


Input 
Voltage 


Another 
problem 
particular 
to 
CMOS devices 
is 
latch-up. 
Figure 8-3 shows the' cross section of a 
CMOS inverter 
and 
the 
structure 
of a parasitic 
bipolar 
transistor. 
The 
equivalent 
circuit 
of the 
parasitic 
thyristor 
is shown 
in figure 8-4. 
When 
positive DC current or pulse noise is applied (figure 
8-4 (all. TR3 is turned on owing to the bias voltage 
generated 
between 
base and emitter. 
And trigger 
current 
flows into GND through 
Rp, the base re- 
sistance of TR2. 
As a result, TR2 becomes conduc- 
tive and current 
flows from 
power supply 
(Vecl 
through 
the 
base resistance 
of TR1 
(RNI. 
which 
puts TR 1 into conduction, 
too. 
Then, as the base 
of TR2 is rebiased by collector current from TR 1, 
the closed loop consisting of TR 1 and TR2 
reacts. 
Thus 
current 
flows 
constantly 
between 
power 
supply (Veel and GND even without trigger current 
caused by outside noise. 
Latch·up can be caused 
by a negative pulse, too 
(figure 8-4 (bb)). Most of semiconductor 
memory 
manufacturers 
are trying 
to improve 
latch-up 
im- 
munity 
of their products. 
Hitachi provides enough 
guard 
band 
by 
applying 
diffusion 
layer 
around 
inputs and outputs, taking care not to connect input 
to 
p+ diffusion 
layer. 
Input 
voltage for 64 kbit 
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static RAM HM6264A, for example, is specified as 
follows: 


V1H max 6.0 V 
(not depending on Vccl 


VIL min 3.0 V 
(pulse width = 50 ns) 
-0.3 V (DC level) 


Thus 
almost 
no consideration 
for latch-up 
is re- 


quired in system design. 


Closed Loop 


Pin 
i--V-:;;--l 


I 
I 


Rn: 


I 
I 
I 


Tu: 


I 
I 
I 
I 
I 
I 
: 
T11 ON L 
..J 


(.) 
Thyristor Eff~ctby 
Positive Voltage 


8.3 Noise Prevention 
Noise in semiconductor 
memories is roughly clas- 
sified 
into 
input 
signal noise and 
power 
supply 


noise. 


8.3.1 Input Signal Noise 
Input signal noise is caused by overshoot and under- 
shoot. 
If either of them is out of recommended 
DC 


operating conditions, 
normal operation 
is hindered, 


and 
voltage 
over 
absolute 
maximum 
rating 
will 


break the device. 
In operating high speed systems, 
special 
care 
is required 
to 
prevent 
input 
signal 


noise. 
The noise can be prevented by inserting a serial re- 
sistance 
of less than 50 ohm into each input or a 


terminating 
resistance into the input line. Actually, 


however, input signal noise can be simply reduced by 
a stable power supply line, because it is often caused 
by unstable reference voltage (GND level). 


8.3.2 Power Supply Noise 
The 
power 
source 
noise can 
be classed 
as low- 


frequency 
noise and high-frequency 
noise as shown 


in figure 8-5. 
To assure stable memory operation, 


the peak-to-peak 
power supply voltage in the pre- 


sence of low-or high-frequency noise should be held 
below 10 percent of its standard level. 
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Devices 
like 
dynamic 
RAMs, 
which 
operate 
from 
clock 
signals, 
or 
high 
speed 
CMOS 
static 
RAMs, 
through 
which 
current 
flows 
during 
transition 
of 


signals, 
consume 
high 
peak 
current. 
When 
a power 
supply 
does 
not 
have enough 
capacity 
for the 
peak 


current, 
voltage 
drops. 
And 
if the 
recovery 
rate 
of 
the 
power 
supply 
synchronizes 
with 
its time 
con- 


stant, 
it 
may 
start 
oscillating. 
To 
reduce 
the 
in- 


fluence 
of the 
peak 
current, 
a bypass 
capacitor 
of 


0.1 
- 
0.01 JlF should 
be inserted 
near 
the 
device. 


The 
following 
points 
must 
be considered 
in design- 
ing pattern 
of the board: 
* 
For 
bypass 
capacitors, 
use titanium, 
ceramic, 
or 


tantalum 
capacitors 
which 
have 
better 
high- 


Vcc 
V,u 
Vcr 
Vss Vcc 
Vss 
~~ 


Data I/O 


frequency 
characteristics. 
* 
Bypass 
capacitors 
must 
be applied 
as near to the 
power 
supply 
pin of memory 
devices 
as possible, 


and 
inductance 
in the path 
from 
Vcc 
pin to V 55 
pin through 
the bypass 
capacitor 
must 
be as little 


as possible. 
* The 
line connected 
to 
the 
power 
supply 
on the 
board 
should 
be as wide as possible. 
* 
It is preferrable 
for the 
power 
supply 
line to be 


at 
right 
angles 
to 
devices 
selected 
at the 
same 
time, 
lest 
too 
much 
peak 
current 
should 
flow 


through 
one power 
supply 
line at a time. 


-F.ul15- 
1. Bypath 
Lines 
~ 
too 


Long. 
2. Devices 
Selected 
at 
a Time 
are on the 


Sam!'! Mother 
Line. 


Vcr 
V.ss 
~ 


Data I/O 


8.4 
Address 
Input 
Waveform 
of Hi·BiCMOS 
Memory 


Data 
stored 
in memory 
might 
be destructed 
in case 
that 
Address 
Input 
of 
the 
HM6716, 
HM6719, 
HM6787, 
HM6788 
and 
HM6789 
series 
becomes 
floating 
and sticks 
at and around 
threshold 
voltage. 
(e.g. CPU does Address 
Bus to off state 
in Figure 
1.) 
Consequently, 
the 
following 
three 
methods 
are re- 
commended 
so 
as 
to 
preserve 
malfunction 
of 
memory 
device. 


A: 
Insert 
latch 
as shown 
in Figure 
8-7 lest Address 
Input 
should 
become 
floating. 


B: 
Put CS into 
High while 
Address 
Input 
becomes 
floating. 
(Dotted 
line in Figure 
8-8) 


C: 
Insert 
Pull-up 
Resistor 
(R) 
to 
hold 
time 
constant 
of 
Rising 
Edge wave 
form 
of Address 
Input 
pin (tr = R x C) below 
150 ns. 


Stable 
operation 
can 
be assured 
if you have already 
adopted 
the 
above 
three 
method 
(A, 
B, Cl, while 


if you 
have 
any 
problem, 
please 
contact 
our 
sales 
offices. 
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Section 1 
MOS Static RAM 
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HM6116 Series----Maintenance 
Only 


.FEATURES 


• 
Single 5V Supply 


• 
High speed: Fast Access Time 
120ns/150ns/200ns 
(max.) 


• 
Low Power Standby and Low Power Operation 
Standby: 
100/-lW(typ.) 
10/-lW(typ.) 
(L-version) 


200mW (typ.) 
175mW (typ.) (L-version) 


• 
Completely 
Static RAM: 
No clock or Timing Strobe Required 


• 
Directly 
TTL Compatible: 
All Input and Output 


• 
Pin Out Compatible with Standard 16K 
EPROM/MASK 
ROM 


• 
Equal Access and Cycle Time 


• 
Capability 
of Battery Back Up Operation (L-version) 


Type No. 
Access Time 
Package 


HM6116P-2 
120ns 


HM6116P-3 
150ns 


HM6116P-4 
200ns 
600mil 24pin 


HM6116LP-2 
120ns 
Plastic 
DIP 
HM6116LP-3 
150ns 
HM6116LP-4 
200ns 


HM6116FP-2 
120ns 


HM6116FP-3 
150ns 
HM6114FP-4 
200ns 


HM6116LFP-2 
120ns 
24pin Plastic 
SOP 


HM6116LFP-3 
150ns 


HM6116LFP-4 
200ns 


Note' 
Thi. device i.not eveileble 
for new epplicetion. 
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lt~m 
Symbol 
Rating 
Unit 


Voltag~ 
on 
An)' 
Pin 
RE'latl\'e 
to v..•..• 
V, 
0.5" 
to +7.0 
V 


Op~rat 
ing 
T ~mperatur(' 
T••. 
o to 
+70 
'C 


Storag~ 
Temperature 
T••• 
-55 
to 
+125 
'C 


Storal(e 
Temperature 
Under Hias 
T•.•• 
-10 
to +85 
'C 


Power 
DisSlpat 
Ion 
p, 
1.0 
W 


CS 
OF. 
WE 
Mod. 
Vcr 
Current 
1/0 Pin 
Ref. Cycl. 


H 
x 
x 
l"ot 
Sel~cted 
Jst, 
JUI 
Hi,h Z 
L 
L 
H 
R.ad 
lee 
Dout 
R.ad 
Cycl. 
111-(31 
L 
H 
L 
Write 
lee 
Din 
Writ. 
Cycl. 
(l) 


L 
L 
L 
Write 
lee 
Din 
Writ. 
Cycl. 
(2) 


Item 
Symbol 
min 
typ 
max 
Unit 


Vee 
4.5 
5.0 
5.5 
V 
Supply 
Volta,. 
Vss 
0 
0 
0 
V 


V,. 
2.2 
3.5 
6.0 
V 
Input 
Volta,. 


-0.3" 
V" 
- 
0.8 
V 


HM6116·2 
HM6116·3/·4 
Item 
Symbol 
Test Condi1ions 
Unit 
min 
typ·\ 
max 
min 
typ·1 
max 
- 
- 
10 
- 
- 
10 
Input Leakage 
Current 
111.1I 
Vcc = 5.5V, V,. = Vss to Vec 
IlA 
- 
- 
2"3 
- 
- 
2"3 


CS= 
VIH or OE= 
VIH, 
- 
- 
10 
- 
- 
10 
Output 
Leakage 
Current 
If'01 
2"3 
2"3 
IlA 
Vila = Vss to Vcc 
- 
- 
- 
- 
- 
40 
80 
- 
35 
70 
Icc 
CS= 
VIL, fl'o=OmA 
mA 
Operating 
Power 
Supply 
- 
35"3 
70"3 
- 
30"3 
60"3 


Current 
V,. =3.5V. 
VIL =0.6V, 
- 
35 
- 
- 
30 
- 


Iccl·2 
mA 
f"o=OmA 
- 
30"3 
- 
- 
25"3 
- 


Min. cycle. duty= 
100~o 
- 
40 
80 
- 
35 
70 
Average 
Operating 
Current 
Ico 
mA 
fJ'o=OmA 
- 
35"3 
70"3 
- 
30'3 
60'3 


- 
5 
15 
- 
5 
15 


Is. 
CS= 
V,. 
mA 
Standby 
Power 
Supply 
- 
4'3 
12'3 
- 
4'3 
12"3 


Current 
CS<i: Vcc-0.2V, 
OV;;; V,.;;; 
- 
0.02 
2 
- 
0.02 
2 
ISBl 
IlA 
0.2V or 
Vet -0.2V;;; 
V,. 
- 
2"3 
50'3 
- 
2'3 
50"3 


IOL=4mA 
- 
- 
0.4 
- 
- 
- 
V 
VOL 
Output 
Voltage 
IOL=2.lmA 
- 
- 
- 
- 
- 
0.4 
V 


Vo. 
10.= 
- LOmA 
2.4 
- 
- 
2.4 
- 
- 
V 


Notes) *1. \.fc=5V. 
Tn=2S·C 


* 2. Reference 
Only 


.3. This characteristics 
are Ruaranteed 
onl}' for L-version. 
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Item 
Symbol 
Test 
Condit ions 
Iyp 
ma. 
Unit 


Input 
Capacitance 
C.. 
v..-OV 
3 
5 
pF 


Input/Output 
Capacitance 
C1/0 
v,,,,-OV 
5 
7 
pF 


.AC 
CHARACTERISTICS(Vcc-5V±lO%. 
Ta~O 
to 
+70'C) 


eAC 
TEST CONDITIONS 


Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10 ns 
Input and Output Timing Reference Levels: 1.5V 
Output 
Load: 1TTL Gate and CL (100pF) (including scopeandjig) 


HM6116-2 
HM6116·3 
HM6116-4 
Item 
Symbol 
Unit 


min 
max 
min 
ma. 
min 
ma. 


Read Cycle 
Time 
loe 
120 
- 
150 
- 
200 
- 
ns 


Address 
Access 
Time 
I•• 
- 
120 
- 
150 
- 
200 
ns 


Chip Sele<l 
Access 
Time 
lACS 
- 
120 
- 
150 
- 
200 
ns 


Chip 
Selection 
to 
Output 
in LowZ 
ICLZ 
10 
- 
15 
- 
15 
- 
ns 


Oulput 
Enable 
10 Oulput 
Valid 
10£ 
- 
80 
- 
100 
- 
120 
ns 


Output 
Enable 
10 Oulput 
in Low 
Z 
10LZ 
10 
- 
IS 
- 
IS 
- 
ns 


Chip 
Deselection 
to 
Outpul 
in High 
Z 
ICHz 
0 
40 
0 
50 
0 
60 
ns 


Chip Disable 
to Ouipul 
in High Z 
10HZ 
0 
40 
0 
50 
0 
60 
ns 


Ouipul 
Hold 1rom Address 
Change 
'0. 
10 
- 
15 
- 
15 
- 
ns 


HM6116-2 
HM6116-3 
HM6116-4 
Item 
Symbol 
Unit 
min 
ma. 
min 
ma. 
min 
ma. 


W rile 
Cycle 
Time 
Iwe 
120 
- 
150 
- 
200 
- 
n. 


Chip 
Selection 
lo 
End 
of 
Write 
lew 
70 
- 
90 
- 
120 
- 
n. 


Address 
Valid 10 End 01 Wrile 
lu 
105 
- 
120 
- 
140 
- 
n. 


Address 
Set 
Up Time 
I" 
20 
- 
20 
- 
20 
- 
n. 


Wrile 
Pulse 
Width 
Iwp 
70 
- 
90 
- 
120 
- 
n. 


W rile 
Recovery 
Time 
Iwo 
5 
- 
10 
- 
10 
- 
n. 


Output 
Disable 
lo 
Outpul 
in High 
Z 
10HZ 
0 
40 
0 
50 
0 
60 
n. 


W rite 
to 
Output 
in High 
Z 
h,HZ 
0 
50 
0 
60 
0 
60 
n. 


Data 
to 
W rite 
Time 
Overlap 
low 
35 
- 
40 
- 
60 
- 
n. 


Dau 
Hold 
from 
Write 
Time 
10. 
5 
- 
10 
- 
10 
- 
n. 


Output 
AClive 
from 
End 
of 
Write 
'0. 
5 
- 
10 
- 
10 
- 
n. 


.TIMNG 
WAVEFORM 


eREAD 
CYCLE (1)'» 
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t-=-;;a-_L"1- 


NOTES: 
1. WI: is High for Read Cycle. 
2. Device is continuously 
selected, C'S"= V/L. 


3. Address Valid prior to or coincident with C'S"transition Low. 
4. 
O£'= 
V/L' 


--<f-'. 
'"]xxx 
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• 


~_'~ 
ID'?=~ 
-------C 
~ 


A write occurs during the overlap U!l'.e) of a low ~ 
and a low WE. 


t WR is measured from the earlier of ITorW going high to the end 
of write cycle. 


3. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 
4. 
If the cr low transition 
occurs simultaneously 
with the W£ low 
transitions 
or after the WE transition, 
output 
remain in a high im- 


pedance state. 


S. UE"is continuously 
low. (0£; 
V/L) 
6. Dout is tile same phase of write data of this write cycle. 
7. DO.ll1.isthe read data of nex t address. 
8. If CS is Low during this period, 
I/O pins are in the output 
state. 
Then the data input signals of opposite phase to the outputs 
must 
not be applied to them . 


• 
LOW 
Vcc 
DATA 
RETENTION 
CHARACTERISTICS 
(Ta~O 
to 
+70'C) 


This characteristics are guaranteed only for L-version. 


Item 
Symbol 
Test 
Conditions 
min 
typ 
m•• 
Unit 


Vcc 
lor 
Data. 
Retention 
VD' 
CS~ V" -0.2V, 
V.. ~ V" 
-0.2V or V.. :>0.2V 
2.0 
- 
- 
V 


Data 
Retention 
Current 
IceD' 
-, 
Vcc;3.0V,CS~2.8V.v,H~2.8V or OV,. v,.,.0.2V 
- 
- 
30 
pA 


Chip Deselect 
to nata 
Retention 
Time 
ICD. 
0 
- 
- 
n. 
See 
Retention 
Waveform 
t.c-·z 
Operation 
Recovery 
Time 
to 
- 
- 
n' 


@HITACHI 


Hitachi America, ltd .• 
Hitachi Plaza. 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 


HM6116A Series 


• FURTURES 
• 
High speed: Fast Access Time 
• 
Low Power Standby and 
Low Power Operation 


120ns/1 50ns/200ns (max.) 
Standby: 
100t-tW(typ.) 
5t-tW(typ.) (L-version) 
Operation: 
15mW (typ.) (f = 1 MHz) 
10 mW (typ.) (L-version) 
• 
Single 5V Supply and High Density 24 Pin Package 
• 
Completely Static RAM: 
No clock or Timing Strobe Required 
• 
Directly TTL Compatible: 
All Input and Output 
• 
Pin Out Compatible with Standard 16K EPROM/MASK 
ROM 
• 
Equal Access and Cycle Time 


• 
Capability 
of Battery Back Up Operation (L-version) 


Type No. 
Access Time 
Package 


HM6116AP·12 
120ns 
HM6116AP·15 
150ns 
HM6116AP·20 
200ns 
600mil 24pin 


HM6116ALp·12 
120ns 
Plastic 
DIP 
HM6116ALp·15 
150ns 
HM6116ALp·20 
200ns 


HM6116ASP·12 
120ns 
HM6116ASp·15 
150ns 


HM6116ASP·20 
200ns 
300mil 24pin 
HM6116ALSP·12 
120ns 
Plastic 
DIP 


HM6116ALSp·15 
150ns 


HM6116ALSP·20 
200ns 


Maintenance Only 
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hem 
Symbol 
Ratina: 
Unit 


Volt.,e 
on Any 
Pin 
RelatIve 
to 
Vss 
V, 
-0.5" 
'0 +7.0 
V 


()rpentinl 
Temperature 
T••. 
o '0 + 70 
'C 


Storale 
Te~r.ture 
T.., 
-55 '0 + 125 
'C 


Storage Temperature Under Bias 
T•.•• 
-10 '0 +85 
'C 


Power 
Dissipation 
p, 
1.0 
W 


CS 
OF. 
WE 
Mod. 
V('( 
Current 
I/O 
Pin 
R.t. 
Cyel. 


H 
x 
x 
:\ot 
Selected 
In. 
I HI 
H,.h Z 
L 
L 
H 
R•• d 
/r, 
Dou. 
R•• d Cyel. 111-131 


L 
H 
L 
Write 
/" 
Din 
Write 
Cycle 
111 


L 
L 
L 
Write 
/" 
Din 
W ri•• Cyel. 121 


Item 
Sy'mbo) 
min 
.yp 
m•• 
Unit 


V" 
4.5 
5.0 
55 
V 


Supply 
Voha •• 
Vss 
0 
0 
0 
V 


V,. 
2.2 
3.5 
6.0 
V 
Input 
Voltaa:e 
-0.3" 
V" 
- 
0.8 
V 


Item 
Symbol 
Test Condition 
HM6116A-12 
HM6116A-IS 
HM6116A-20 
Unit 
min 
typO' 
max 
min 
typO' 
max 
min 
typO' 
max 


Input Leakage 
JILl I 
VCC=S.SV, Vj,,=VSS 
- 
- 
2 
- 
- 
2 
- 
- 
2 
jJA 


Current 
to Vec 
--- 
Output Leakage 
Ihol 
CS= VIH or OE= V/H, 
- 
- 
2 
- 
- 
2 
- 
- 
2 
jJA 
Current 
VI/O= VSS to Vcc 


Ice 
CS= VJL,II/O=OmA 
- 
5 
IS 
- 
5 
IS 
- 
5 
IS 
mA 


Operating Power 
Vj,,=VIHor 
VJL 
- 
4" 
12*' 
- 
4*' 
12*' 
- 
4*' 
12*' 


Supply Current 
V/H=Vee, 
VJL=OV, 
- 
3 
6 
- 
3 
6 
- 
3 
6 
ICCI 
CS=VJL' 
mA 


I[/O=OmA, f=IMHz 
- 
2*' 
S*' 
- 
2" 
S*' 
- 
2*' 
S*' 


Average Operating 
ICC2 
min. cycle, II/o=OmA 
- 
35 
60 
- 
25 
45 
- 
20 
35 
mA 
Current 
duty = 100% 
- 
30'2 
50'2 
- 
:W'2 
40*2 
- 
15'2 
30*2 


ISB 
CS=V/H 
- 
I 
4 
- 
I 
4 
- 
I 
4 
Standby Power 
O.S*' 
3*' 
0.5" 
3" 
0.5" 
3" 
mA 
- 
- 
- 


Supply Current 
CS~ Vee-0.2V 
- 
0.02 
2 
- 
0.02 
2 
- 
0.02 
2 
mA 


ISBJ 
OV ~Vin 
- 
I*' 
50*' 
- 
I*' 
50*' 
- 
1"2 
50" 
jJA 


VOL 
IOL = 4mA 
- 
- 
0.4 
- 
- 
0.4 
- 
- 
0.4 
V 


Output Voltage 
VOH 
IOH= -LOrnA 
2.4 
- 
- 
2.4 
- 
- 
2.4 
- 
- 
V 


Notes) 
'I. 
Vcc=SV, 
Ta=2SoC 
'2. This characteristics is guaranteed only for L-version. 
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he", 
Symbol 
Test 
Conditions 
typ 
"'.. 
Unit 


Input 
Capacitance 
C,. 
v..-OV 
3 
5 
p, 


InP'lt/Output 
<Apacitance 
Cvo 
v,.••-OV 
5 
7 
p' 


.AC 
CHARACTERISTICS 
(Vcc-5V 
± 10%. 
Ta-O 
to 
+70'C) 


eAC TEST CONDITIONS 


Input 
Pulse Levels: 0.8 to 2.4V 
Input 
Rose and Fall Times: 
10 ns 
Input 
and Output 
Timing Reference 
Levels: I.SV 
Output 
Load: 
lTTL 
Gate and CL • l00pF 
loncluding scope and jig) 


HM6116A-12 
HM6116A-15 
HM6116A-20 
Item 
Symbol 
Unit 
min 
max 
min 
max 
min 
max 


Read 
Cycle 
Time 
tRC 
120 
- 
150 
- 
200 
- 
ns 


Address 
Access 
Time 
tAA 
- 
120 
- 
150 
- 
200 
ns 


Chip 
Select 
Access 
Time 
tACS 
- 
120 
- 
150 
- 
200 
ns 
Chip 
Selection 
to Output 
in'Low 
Z 
tCLZ 
10 
- 
10 
- 
10 
- 
ns 


Output 
Enable 
to Output 
Valid 
tOE 
- 
55 
- 
60 
- 
70 
ns 


Output 
Enable 
to Output 
in Low Z 
tOLZ 
10 
- 
10 
- 
10 
- 
ns 


Chip 
Deselection 
to Output 
in High Z 
tCHZ 
0 
40 
0 
SO 
0 
60 
ns 


Chip 
Disable 
to Output 
in High Z 
tOHZ 
0 
40 
0 
SO 
0 
60 
ns 


Output 
Hold 
from 
Address 
Change 
tOH 
10 
- 
15 
- 
20 
- 
ns 


HM6116A-12 
HM6116A-15 
HM6116A-20 
Item 
Symbol 
Unit 
min 
max 
min 
max 
min 
max 


Write 
Cycle 
Time 
twc 
120 
- 
150 
- 
200 
- 
ns 


Chip 
Selection 
to End of Write 
tcw 
70 
- 
90 
- 
120 
- 
ns 


Address 
Valid 
to End of Write 
tAW 
105 
- 
120 
- 
140 
- 
ns 


Address 
Set Up Time 
tAS 
0 
- 
0 
- 
0 
- 
ns 


Write 
Pulse Width 
twP 
70 
- 
80 
- 
100 
- 
ns 


Write 
Recovery 
Time 
tWR 
0 
- 
0 
- 
0 
- 
ns 


Output 
Disable 
to Output 
in High Z 
tOHZ 
0 
40 
0 
SO 
0 
60 
ns 


Write 
to Output 
in High Z 
tWHZ 
0 
35 
0 
40 
0 
SO 
ns 


Data 
to Write Time 
Overlap 
tDW 
35 
- 
40 
- 
SO 
- 
ns 


Data 
Hold 
from 
Write 
Time 
tDH 
0 
- 
0 
- 
0 
- 
ns 


10 
-- -_. 


10 
Output 
Active 
from 
End of Write 
tow 
- 
10 
- 
ns 


.TIMING 
WAVEFORM 


eREAD 
CVQ.E 
(1)(1) 


tOE 


tOLZ 
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-READ 
CVQ.E (21 (1)(" 
'" 


Address ~_tRC 
_Jr 


000' --t='OH9iXXX} 
'l'OHl= 


CS~ 
~;~S=1_ 


Dout 
------~ 


NOTES: 
I. WE"is High for Read Cycle. 
2. Device is continu{\usly selected, ~ 
= V/L' 
3. Address Valid prior to or coincident with ITtransition 
Low. 


•. 
OE"- V1L. 
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Din --------------k' 
DW 


A write occurs during the overlap (t..ll'£) of a low ITand a lowW. 
, WR is measured from the earlier of cr or W going high to the end 
of write cycle. 


3. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 


4. If the cr low transition 
occurs simultaneously 
with the W low 
transitions 
or after the WI: transition, 
output 
remain in a high im- 
pedance state. 


S. UE"is continuously low. (O"E = V1L) 
6. Dout is t"e same phase of write data of this write cycle. 
1. DoJiLis the read data of next address. 
8. If CS is Low during this period, I/O pins are in the output 
state. 
Then the data input signals of Opposile phase 10 the outputs 
must 
not be applied to them . 


• 
LOW 
Vcc 
DATA 
RETENTION 
CHARACTERISTICS 
(Ta-O 
to 
+70'C) 


This characteristics is guaranteed only for L-version. 


he. 
Symbol 
T~st Conditions 
min 
Iyp 
ma. 
Unit 


Vcc 
for Data Retention 
V •• 
CSi: V" -O.2Y 
2.0 
- 
- 
V 


Data 
Retention 
Current 
Icelu·1 
V,,-3.0Y. 
CSi:2.8V. 
OV;;;;V,N 
- 
- 
30 
pA 


Chip 
Deselect 
to Data 
Rdention 
Time 
,co. 
0 
- 
- 
.1 


See 
Retention 
Waveform 
'.c' -2 
Operation 
Recovery 
TilM 
,. 
- 
- 
.1 


Notes) 
*1. IO.uA max at 70=0'<': to 
t 40·C. V/L min= -O.3V 
• 2.bu- =- Read Cycle Time. 


eLow 
Vcc Data Retention Walleform 
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HM6716 Series 
HM6719 Series 


2048-word 
x 8-bit High Speed Hi-BiCMOS Static RAM (with Q§ 
2048-word 
x 9-bit High Speed Hi-BiCMOS Static RAM (with OE) 


• 
Features 
• 
Fast Access Time: 
25/30ns 
(max) 
• 
Low Power Dissipation 
(DC): 280mW 
(typ.) 


• 
+5V Single Supply 
• 
Completely 
Static 
Memory 
No Clock or Timing 
Strobe 
Required 


• 
Balanced Read and Write Cycle Time 
• 
Fully 
TTL 
Compatible 
Input and Output 


Type No. 
Access Time 
Package 


HM6716P-25 
25ns 
HM6716P-30 
30ns 
300 mil 24 Pin 


HM6719P-25 
25ns 
Plastic DIP 


HM6719P-30 
30ns 


--ovcc 


Memory 
Matrix 
--oVSS 


vOs 


(9) 


Item 
Symbol 
Rating 
Unit 


Terminal Voltage to VSS Pin 
VT 
-0.5 to +7.0 
V 


Power Dissipation 
PT 
1.0 
W 


Operating Temperature 
Range 
Topr 
o to +70 
°c 


Storage Temperature 
Range 
Tit, 
-55 to +125 
°c 


(DP-24NC) 


• PIN ARRANGEMENT 
• HM6716 


A7 
vcc 


A6 
As 


As 
A9 


A. 
WE 


A3 
OE 


A2 
A,o 


A, 
CS 


Ao 
IIOs 


11O, 
1107 


V02 
1/06 


1103 
VOs 


VSS 
110. 


(Top View) 
• HM6719 


A7 
Vcc 


A6 
As 


As 
A9 


A. 
WE 


A3 
CS 


A2 
A10 


A, 
1109 


Ao 
I/Os 


11O, 
1107 


1102 
1106 


1103 
liDs 


VSS 
110. 


(Top View) 
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• 
Truth Table 
• 
HM6716 


CS 
OE 
WE 
Mode 
VccCurrent 
Pin 
Ref. Cycle 


H 
Hor L 
H or L 
Not selected 
ISB'/SBl 
High Z 
- 
L 
L 
H 
Read 
ICC,/CCl 
Dout 
Read Cycle (l) (2) (3) 
L 
H 
L 
Write 
Icc.ICCl 
Din 
Write Cycle (l) 


L 
L 
L 
Write 
Icc.ICCl 
Din 
Write Cycle (2) 


L 
H 
H 
Output Disabled 
Ice. Ieel 
HighZ 
- 


CS 
WE 
Mode 
VccCurrent 
I/O Pin 
Ref. Cycle 
H 
Hor L 
Not selected 
ISB.IsBl 
High Z 
- 
L 
H 
Read 
ICC,/CCl 
Dout 
Read Cycle (2) (3) 
L 
L 
Write 
ICC,/CCl 
Din 
Write Cycle (2) 


Item 
Symbol 
min 
typ 
max 
Unit 


VCC 
4.5 
5.0 
5.5 
V 
Supply Voltage 
VSS 
0.0 
0.0 
0.0 
V 


Input High Voltage 
VlH 
2.2 
- 
6.0 
V 


Input Low Voltage 
VIL") 
-3.0 
- 
0.8 
V 


Item 
Symbol 
Test Conditions 
min 
typ 
max 
Unit 


Input Leakage Current 
IILl I 
VCC=5.5V. VlN= VSS to Vee 
- 
- 
2 
IJA 


Output Leakage Current 
Ihol 
CS=VlH• Vl/o= Vssto 
Vee 
- 
- 
2 
IJA 


Operating Power Supply Current 
Icc 
CS=VlL.Il/o=OmA 
- 
- 
120 
mA 


Average Operating Current 
ICCl 
Min. Cycle, Duty: 100%II/O-OmA 
- 
- 
130 
mA 


ISB 
CS=VlH 
- 
- 
30 
mA 
Standby Power Supply 
CS G VCc-0.2V 
Current 
ISBl 
- 
- 
10 
mA 
VlN ~ 0.2V or VlN?' VCC-0.2V 


Output Low Voltage 
VOL 
IOL=4mA 
- 
- 
0.4 
V 


Output High Voltage 
VOH 
Ioif-lmA 
2.4 
- 
- 
V 


Input pulse levels: Vss to 3.QV 
Input and Output reference levels: 1.5V 
Input rise and fall time: 4ns 
Output 
Load: See Figure 


~ 


+5V 


9100 
Dout 


6200 
30pFo 


Output 
Load A 
~ 


+5V 


9100 
Dout 


6200 
5pFo 


Output 
Load B 


(ICHZ.IWHZ,leu. 
10"' loU, 
10Hz) 


"including 
scope and jig 
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Item 
Symbol 
Test Conditions 
min 
typ 
max 
Unit 


Input Capacitance 
C/N 
V/N=OV 
- 
- 
6 
pF 


I/O Capacitance 
CliO 
VlIO=OV 
- 
- 
8 
pF 


-AC Characteristics (Vcc SV ± 10%, Ta = 0 to +70°C, unless otherwise noted.) 
eRead Cycle 


HM6716-25 
HM6716-30 


Item 
Symbol 
HM6719-25 
HM6719-30 
Unit 
Notes 
min 
max 
min 
max 


Read Cycle Time 
tRC 
25 
- 
30 
- 
ns 
- 


Address Access Time 
tAA 
- 
25 
- 
30 
ns 
- 


Chip Select Access Time 
tACS 
- 
25 
- 
30 
ns 
- 


Chip Selection to Output in Low Z 
tCLZ 
0 
- 
0 
- 
ns 
*2 


Output Enable to Output Valid 
tOE 
0 
20 
0 
20 
ns 
*1 


Output Enable to Output in Low Z 
tOLZ 
0 
- 
0 
- 
ns 
*1,*2 


Chip Deselection to Output in High Z 
tCHZ 
0 
10 
0 
12 
ns 
*2 


Chip Disable to Output in High Z 
tOHZ 
0 
10 
0 
10 
ns 
*1, *2 


Output 
Hold from Address Change 
tOH 
5 
- 
5 
- 
ns 
- 
Input Voltage Rise/Fall Time 
tT 
- 
150 
- 
150 
ns 
*3 


HM6716-25 
HM6716-30 
Item 
Symbol 
HM6719-25 
HM6719-30 
Unit 
Notes 
min 
max 
min 
max 
Write Cycle Time 
twc 
25 
- 
30 
- 
ns 
- 
Chip Selection to End of Write 
tcw 
20 
- 
25 
- 
ns 
- 
Address Setup Time 
tAS 
0 
- 
0 
- 
ns 
- 
Address Valid to End of Write 
tAw 
20 
- 
25 
- 
ns 
- 
Write Pulse Width 
twP 
20 
- 
25 
- 
ns 
- 
Write Recovery Time 
tWR 
0 
- 
0 
- 
ns 
- 
Output Disable to Output in High Z 
tOHz 
0 
10 
0 
10 
ns 
*1,*2 


Write to Output in High Z 
tWHZ 
0 
10 
0 
12 
ns 
*2 


Data Valid to End of Write 
tDw 
15 
- 
15 
- 
ns 
- 


Data Hold Time 
tDH 
5 
- 
5 
- 
ns 
- 
Output Active from End of Write 
tow 
0 
- 
0 
- 
ns 
*2 


Notes) 
*1. 
These parameters are for HM6716. 


*2. 
Transition is measured ±200mV from steady state voltage with Load(B). 
This parameter is sampled and not 100% tested. 
*3. 
If tT becomes more than 150ns, there is possibility of function fail. 
Please contact your nearest Hitachi's Sale Dept. regarding specification. 
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• 
Timing 
Waveforms 
• 
Read Cycle (11" 


Ad•••.••' ~==-=--=-_tRc 
t_toH_ 
l:-toH 


Dout 
Previous 
Data Valid 


cs-ki~.a 'RC 


Dout 
High 
impedance 


Notes) 
·1. we is High for Reed Cycle. 
·2. 
Device is continuously 
selected, CS-V/L. 
_ 


·3. 
Address Valid prior to or coincident with CS trensition 
Low. 


·4. Oe-v/L. 
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r tDW +..- 
tDH~ 


Din -----------<J£ 
Data Valid IX~X; 
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I~ 
tow 
tOH d:S 
Din----------K=~%)O()()( 


Notes) 
*1. 
A write 
occurs 
during 
the 
overlap 
(twpl 
of a low CS and 
low WE. 


*2. 
tWR is measured 
from the earlier of CS or WE: going high to the end 
of write cycle. 


*3. 
During 
this period. 
1/0 pins are in the output 
state so that the input 
signals of opposite 
phase to the outputs 
must not be applied. 


*4. 
If the CS low transition 
occurs 
simultaneously 
with the WE low tran- 
sitions 
or after the WE transition. 
output 
remain 
in a high impedance 
stata. 


*5. 
OE is continuously 
low. {5E=V/L 
l- 


*6. 
Dout 
is the sam a phase of write data of th is write cycle. 


*7. 
Dout 
is the read data of next address. 


*S. 
If CS is Low during 
this 
period. 
110 pins 
are in the output 
state. 


Then 
the 
data 
input 
signals of opposite 
phase 
to the outputs 
must 
not be applied 
to them. 
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HM6268 
Series 


_FEATURES 
• 
Single 
5V Supply 
and High Density 
20 Pin· Package. 


• 
High Speed: 
Fast Access 
Time 
25/35/45ns 
(max.) 


• 
Low Power 
Standby: 
100/-lW tyPo 5/-lW typ 
(L-version) 
Active: 
250mW 
typo 


• 
Completely 
Static 
Memory: 
No 
Clock 
or 
Timing 


Strobe 
Required 


• 
Equal 
Access 
and Cycle Times 
• 
Directly 
TTL Compatible 
- 
All Inputs 
and Outputs 


• 
Capability 
of Battery 
Back Up Operation 
(L-version) 


Type 
No. 
Access 
Time 
Package 


HM6268P·25 
25ns 
HM6268P·35 
35ns 
HM6268P·45 
45ns 
300mil 20pin 


HM6268LP·25 
25ns 
Plastic 
DIP 


HM6268LP-35 
35ns 
HM6268LP·45 
45ns 


MemMY 
Array 
6~ Rows 


256 Columns 


Item 
Symbol 
Rating 
Unit 


Voltag~ 
on Any 
Pin 
Relative 
to Vss 
VT 
-0.5" 
to +7.0 
V 


Power 
Dissipation 
p, 
1.0 
W 


Operallng 
Temperalure 
T.,. 
o to +70 
'C 


Storage 
Temperature 
T.l, 
-5510+125 
'C 


Tem~rature 
under 
Bias 
T•.•• 
-10 
to +85 
'C 
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CS 
WE 
Mode 
Vcc Current 
I/O Pin 
Ref. Cycle 


H 
X 
Not Selected 
158,158 
I 
HighZ 
- 


L 
H 
Read 
Ice 
Dout 
Read Cycle 


L 
L 
Write 
Ice 
Din 
Write Cycle 


Parameter 
Symbol 
min 
typ 
max 
Unit 


Vee 
4.5 
5.0 
5.5 
V 
Supply Voltage 
Vss 
0 
0 
0 
V 


Input High (logic I) Voltage 
V,. 
2.2 
- 
6.0 
V 


Input Low (logic 0) Voltage 
VIL 
-0.5'1 
~ 
0.8 
V 


Parameter 
Symbol 
Test Condition 
Min. 
Typ." 
Max. 
Unit 


Input Leakage 
Current 
IIuI 
Vee = 5.5V, Vi" = Vss to Vee 
- 
- 
2.0 
p.A 


Output 
Leakage 
Current 
IILOI 
CS = V1H, VI/O = Vss to Vee 
- 
- 
2.0 
p.A 


Operating 
Power Supply 
Current 
Ice 
CS = V1L, 11/0 = OmA, min. cycle 
- 
50') 
90 
mA 


Standby 
Power Supply Current 
ISB 
CS = V1H, min. cycle 
- 
15 
25 
mA 


CS ;;,; Vee -0.2V, 
- 
0.02 
2.0 
mA 


Siandby 
Power Supply Current 
(I) 
ISB1 
OV ::5 VIN ::5 0.2V or Vee - 0.2V 
::5 V1N 
1-2 
50'2 
- 
p.A 


Output 
Low Voltage 
VOL 
IOL = 8mA 
- 
- 
0.4 
V 


Output 
High Vollage 
VOH 
IOH = -O.4mA 
2.4 
- 
- 
V 


Notes) *1. Typical 
limits are at Vcc=5.0V, 
Ta= +2S"C and specified 
loading. 


* 2. 'I his characteristics 
is guaranteed 
only for L·version. 


* 3. 40mA 
typo for 450s version. 


Parameter 
Symbol 
Test Conditions 
min 
max 
Unit 


Input Capacitance 
CIN 
VIN=OV 
- 
6 
pF 


Input/Output 
Capacitance 
Clio 
VI/O=OV 
- 
9 
pF 


.AC CHARACTERISTICS 
( Vcc=5V ± 10%, 
Ta=O to +70·C. 
unless otherwise 
noted.) 


• 
AC Test Conditions 
Input 
and Output 
timing 
reference 
levels: 
1.5V 
Input 
pulse 
levels: 
Vss to 3,OV 
Output 
load: 
See Figure 


Input 
rise and fall times: 
5ns 


Output 
Load (B) 
(for tHZ. tLZ, twz 
& tOW) 
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HM6268·25 
HM6268·35 
HM6268·45 


Parameter 
Symbol 
Unit 
min 
max 
min 
max 
min 
max 


Read Cycle Time 
IRc 
25 
- 
35 
- 
45 
- 
ns 


Address 
Access 
Time 
fA' 
- 
25 
- 
35 
- 
45 
ns 


Chip Select 
Access 
Time 
tACS 
- 
25 
- 
35 
- 
45 
ns 


Output 
Hold from Address 
Change 
IoH 
5 
- 
5 
- 
5 
- 
ns 


Chip Selection 
to Output 
in Low Z 
fLZ·l 
10 
- 
10 
- 
10 
- 
ns 


Chip Deselection 
to Output 
in High Z 
IHz· 


1 
0 
15 
0 
20 
0 
20 
ns 


Chip Selection 
to Power 
Up Time 
(Pu 
0 
- 
0 
- 
0 
- 
ns 


Chip Deselection 
to Power 
Down Time 
(PD 
- 
25 
- 
25 
- 
30 
ns 


• 
Timing 
Waveform 
of Read Cycle No. 2(1),(3) 


~ 


Notes: 
1. WE is High for Read 
Cycle. 
2. 
Device 
is continuously 
selected, 
CS = V/L. 


3. 
Address 
Valid 
prior 
to or coincident 
with 
CS"transition 
Low. 


HM6268-25 
HM6268-35 
HM6268-45 
Parameter 
Symbol 
Unit 
min 
max 
min 
max 
min 
max 


Write Cycle Time 
640 
25 
- 
35 
- 
45 
- 
ns 


Chip Selection 
to End of Write 
tc•. 
20 
- 
30 
- 
40 
- 
ns 


Address 
Valid to End of Write 
fA,,' 
20 
- 
30 
- 
40 
- 
ns 


Address 
Setup Time 
tAs 
0 
- 
0 
- 
0 
- 
ns 


Write Pulse Width 
Iwl' 
20 
- 
30 
- 
35 
- 
ns 


Write 
Recovery 
Time 
64". 
0 
- 
0 
- 
0 
- 
ns 


Data Valid to End of Write 
In." 
12 
- 
20 
- 
20 
- 
ns 


Data Hold Time 
IT," 
0 
- 
0 
-- 
0 
- 
ns 


Write Enabled 
to Output 
in High Z 
Al·Z·t 
0 
8 
0 
10 
0 
15 
ns 


Output 
Active from End of Write 
toH,-1 
0 
- 
0 
- 
0 
- 
ns 
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*3 
IIIXJ 
(((((((( 
=k 


5 
*6 


/nll 
J71- 
High 
Impedance 
~ 


Notes: 
1. A write occurs during the overlap of a low rs and a low WE. (tWP). 
2. tWR is measured from the earlier of CS or WE going high to the end of write cycle. 
3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 
must not be applied. 


4. 
If the CS low transition occurs simultaneously 
with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 
5. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to 
the outputs must not be applied to them. 


6. Dout is the same phase of write data of this write cycle, if tWR is long enough. 
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.LOW 
V" 
DATA RETENTION 
CHARACTERISTICS 
(0"( ~ Ta~70°C) 
This characteristics guaranteed only for L-version.- 


Parameter 
Symbol 
Test Conditions 
man 
lyp 
mu 
Unit 


Vcc for D.ta 
Retention 
V., 
CS<: Vcc-0.2V 
2.0 
- 
- 
V 


11,.<:Vcc-0.2V 
ur 
30 


02 
Data Retention Current 
IceDIt 
OV:o V.•:OO.2V 
- 
- 
20 


0 
' 
I'A 


Chip Deselect 
to Olta Retention Time 
leu 
0 
- 
- 
ns 


See retention 
waveform 


Opeulion Recover)' Time 
I, 
tH 
·1 
- 
- 
ns 
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111.2 
~ 


~ 
1.0 
~ 
U 
0.8 
1 
Jl 


~ 
0.9i 


-< 
OJ' 


1.3 


1.2 
1 
3 
~ 
j 
Ji 
< 
0.8 


0.70 


1.6 


1.4 
].. 
1.2 
~~ 
~ 
1.0!0.8 
~1 
0.6 


vcc=s.OV 


--- -r----- 


1.8 


1.6 
1I 


1.4 


j 


1.2 


~ 
;: 
1.0i 
< 
0.8 


0.6 


0 
100 
200 
300 
400 


Load 
C.pacitance 
CL 
(pF) 


SUPPL Y CURRENT 
VS. 


FREQUENCY 


T(ns) 


1.1 
100 
50 
33 
25 
20 


1~ 
~ 
j 
j 
"' 
0.6 


0.50 
10 
20 
30 
40 
50 


Frequency 
I (MHz) 
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'2..1 
1.1 
~,; 
f 


1.0 


>} 
0.9 


j 


0.8 


0.7 
4.5 
4.75 
5.0 
5.25 


:0 
10-4 
jI 
u 
f 
'" 


1.2 


'2.. 
1~ 
-! 
j 
" 
> 
1 
:9 
:z: 
0.8 


1.6 


1.4 
j 
1.2 
1~ 
~ 
1.0 
f 
0.8 
>18 
0.6 


0.4 
0 


~ 
(l 
f 
VJ 
0.4 
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HM6267 Series 


• 
FEATURES 
• 
High Speed: Fast Access Time 35/45/55ns 
(max.l 


• 
Low Power Standby 
and Low Power Operation 


Standby: 
0.1 mW (typ.)/5J./W (typ.) 
(L-versionl. 


Operation: 
200mW 
(typ.) 


• 
Single 5V Supply 
and High Density 
20 Pin Package 
• 
Completely 
Static 
Memory 
No Clock or Timing 
Strobe 
Required 


• 
Equal Access and Cycle Time 
• 
Directly 
TTL 
Compatible: 
All 
Input 
and Output 


• 
Capability 
of Battery 
Back Up Operation 
(L-version) 


Type No. 
Access Time 
Package 


HM6267P-35 
35ns 
HM6267P45 
45ns 
HM6267P-55 
55ns 
300 mil 20 pin 


HM6267LP-35 
35ns 
Plactic DIP 


HM6267LP45 
45ns 
HM6267LP-55 
55ns 


".., 


.'u 
H.nw 
•.. 
I.lPr ••du 
". 


Au 


U,n 


CS 


Item 
Symbol 
Rating 
Unit 


Voltage on Any Pin*! 
VT 
-0.5*2 to +7.0 
V 


Power Dissipation 
PT 
1.0 
W 


Operating Temperature 
TOD, 
o to +70 
·c 


Storage 
T.tg 
-55 to + 125 
·c 
Ternpera ture 


Storage Temperature 
Under Bias 
Tbias 
-10 to +85 
·c 
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CS 
WE 
Mod. 
Vcc 
Current 
Dout 
Pin 
Ref. Cycle 


H 
x 
~ot 
selected 
In./u• 
High-Z 


L 
H 
R.ad 
Ice 
Dout 
Read Cycle 


L 
L 
Write 
Ice 
High-Z 
Write 
Cycle 


Item 
Symbol 
mm 
typ 
max 
Unit 


VCC 
4.5 
5.0 
5.5 
V 
Supply Voltage 


VSS 
0 
0 
0 
V 


VIH 
2.2 
- 
6.0 
V 
Input Voltage 
V/L 
-O.S·1 
- 
0.8 
V 


HM6267-3S 
HM62674S/S5 
Item 
Symbol 
Test Conditions 
typ·l 
typ·l 
Unit 
mm 
max 
min 
max 


Input Leakage Current 
IILlI 
Vee=S.SV, 
V/N=VSS to Vee 
- 
- 
10 
- 
- 
10 
IJ,A 


Output Leakage Current 
11£01 
CS=VIH, Vour=VSS 
to Vee 
- 
- 
10 
- 
- 
10 
IJ,A 


Operating Power Supply Current 
Ice 
CS=VIL. IOUr=OmA,min. 
cycle 
- 
40 
100 
- 
40 
80 
mA 


ISB 
CS=VIH, 
mm cycle 
- 
10 
20 
- 
10 
20 
mA 


Stand by Power Supply Current 
CS~ 
Vee-0.2V, 
- 
0.02 
2 
- 
0.02 
2 
mA 


ISBI 
OV ~ V/N ~ 0.2V or 
- 
1.2 
SO·2 
- 
1·2 
SO·2 
IJ,A 


Vee-0.2V~V/N 


VOL 
IOL = 8mA 
- 
- 
0.4 
- 
- 
0.4 
V 
Output Voltage 
VOH 
IOH=-4mA 
2.4 
- 
- 
2.4 
- 
- 
V 


Notes) 
*1. Typicallimts 
are at Vee = SV, Ta = 2SoC and specified loading. 
• 2. This characteristics is guaranteed only for L-version. 


hem 
Symbol 
typo 
m•• 
Unit 
Conditions 


Input 
Capacitance 
C,. 
- 
5 
pF 
V,.-OV 


Output 
Capac it.nee 
COUT 
- 
7 
pF 
Vou,-OV 


• 
AC CHARACTERISTICS 
(Vee = 5V ±10%, Ta = 0 to +70°C, unless otherwise noted) 
• 
AC TEST 
CONDITIONS 
Input pulse levels: 
Vss to 3.0V 
Input rise and fall times: 5ns 
Input and Output timing reference levels: 1.5V 
Output load: 
See Figure 


Output Load 8 


(for "'z. 
hz. 
h,z a to •.) 
+~v 


~ 


"Og 


0•• , 


2SS0 
30,F" 


~ 


1OIl 


0." 


2SS0 
s,•.· 


* Including scope and jig. 
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HM6267-35 
HM626745 
HM6267-55 
Item 
Symbol 
Unit 
Notes 
min 
max 
min 
max 
min 
max 


Read Cycle Time 
tRC 
35 
- 
45 
- 
55 
- 
ns 
I 


Address Access Time 
tAA 
- 
35 
- 
45 
55 
ns 


Chip Select Access Time 
tACS 
- 
35 
- 
45 
- 
55 
ns 


Output Hold from Address Change 
tOH 
5 
- 
5 
- 
5 
- 
ns 


Chip Selection to Output in Low Z 
tLZ 
5 
- 
5 
- 
5 
- 
ns 
2,3,7 


Chip Deselectio to Output in High Z 
tHZ 
0 
30 
0 
30 
0 
30 
ns 
2,3,7 


Chip Selectio to Power Up Time 
tpu 
0 
- 
0 
- 
0 
- 
ns 


Chip Deselection to Power Down Time 
tPD 
- 
20 
- 
30 
- 
30 
ns 


-F_,.. '''~L 
-J~ 


Previous Data 
Valid 


eTIMING 
WAVEFORM 
OF READ 
CYCLE 
NO.2 
4) 6) 


tRC 


Vcc Supply 


Current 


Notes) 
I. 
All Read Cylce timing are referenced from last valid address to the first transitioning address. 
2. At any given temperature 
and voltage condition, 
tHZ max. is less than t LZ min. both for a given device and 
from device to device. 


3. Transition is measured 1500mV from steady state voltage with specified loading in Load B. 
4 wr is High for READ cycle. 
5. Device is continuously 
selected, CS; V/L. 
6. 
Addresses valid prior to or coincident with CS transition low. 


7. This parameter is sampled and not 100% tested. 


• 
Write Cycle 


HM6267-35 
HM626745 
HM6267-55 
Item 
Symbol 
Unit 
Notes 


min 
max 
min 
max 
min 
max 


Write Cycle Time 
twc 
35 
- 
45 
- 
55 
- 
ns 
2 


Chip Selection to End of Write 
tcw 
30 
- 
40 
- 
50 
- 
ns 


Address Valid to End of Write 
tAW 
30 
- 
40 
- 
50 
- 
ns 


Address Setup Time 
tAS 
0 
- 
0 
- 
0 
- 
ns 


Write Pulse Width 
twp 
20 
- 
25 
- 
35 
- 
ns 


Write Recovery Time 
tWR 
0 
- 
0 
- 
0 
- 
ns 


Data Valid to End of Write 
tDW 
20 
- 
25 
- 
25 
- 
ns 


Data Hold Time 
tDH 
0 
- 
0 
- 
0 
- 
ns 


Write Enabled to Output in High Z 
twz 
0 
20 
0 
25 
0 
25 
ns 
3,4 


Output Active from End of Write 
tow 
0 
- 
0 
- 
0 
- 
ns 
3,4 
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M.... =t=-'As-_-'-AW-'W_C 
--, 
.. ~~ 


Notes) 
1. IfCS goes high simultaneously 
with WE high, the output remains in a high impedance states. 


2. All Write Cycle timings are referenced from the last valid address to the fust transitions address. 
3. Transition is measured tSoOmv from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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.LOW 
Vee DATA RETENTION 
CHARACTERISTICS 
(O'C:iO Ta:i070'C) 
This characteristics 
is guaranteed only for L·version. 


Parameter 
Symbol 
Test Conditions 
mlO 
typ 
mu 
Unit 


Vcc for 0.1. 
Retention 
YD' 
C"S<: Vcc-0.2V 
2.0 
- 
- 
V 


Data Retention Current 
Iceu 
v..<: Vcc-0.2V 
ur 
OV:o V.• :OO.2V 
- 
- 
30" 
I'A 
20" 


Chip Deselect 
to Data 
Retention 
Time 
leu 
0 
- 
- 
ns 


Operation 
Recovery 
Time 
I. 
see retention 
waveform 
ta, 
.1 
- 
- 
ns 


] 
~ 
L:? 
~ 
~ 
1.0 
~ 
<3 
J. 
n.M 


06 


1.6 


" 
] 
~ 


1.2 


Z 


-" 
1.0 
~ 
<3 
J 


o.x 


06 


1/cc=5.0V 


-- --- 
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! 
1.0 
~~ 
,.: 


Oq 
j 


1---I--" 


I -~ 


1~ 
1.1 
~ 
?: 


0> 
1.0 
! 
-s>• 
0.9 
j 
1 
0.8 


0.7 


4.S 


I 
/" 
./ 


...•/ 


/" V 
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j 
1.2 
1 
~ 
1.0 
j 
i 
0.8 
8 


0.6 


0.' I 


I., 


1 
1.2 
1 
z 


'" 


1.0 


] 


0.'I 


0.6 


0.' 
0 


STANDBY 
CURRENT 
VS. 


AMBIENT 
TEMPERATURE 


~ 
; 
u 
0.6! 
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HM6264A Series--------Maintenance 
Only 


• FEATURES 


• 
Low Power 
Standby 
Standby: 
O.lmW 
(typ.) 


10~W (typ.l 
L-/LL-ver5ion 
Operating: 
15mW/MHz 
(typ.) 
100n5/120n5/150n5 
(max.l 
Low Power 
Operation 


• 
Fast access 
Time 


• 
Single 
+5V Supply 
• 
Completely 
Static 
Memory ..... 
No clock 
or Timing 
Strobe 
Required 


• • Equal 
Access and Cycle Time 
• 
Common 
Data 
Input 
and Output, 
Three 
State 
Output 


• 
Directly 
TTL Compatible: 
All Input 
and Output 
• 
Capability 
of Battery 
Back Up Operation 
(L-/LL-ver5ion) 


Type No. 
Access Time 
Package 


HM6264AP-I0 
lOOns 
HM6264 AP-12 
120ns 
HM6264AP-15 
150ns 


HM6264ALP-I0 
lOOns 
600 mil 28 pin 
HM6264ALP-12 
120ns 
HM6264ALP-15 
150ns 
Plastic DIP 


HM6264ALP-I0L 
lOOns 
HM6264ALP-12L 
120n, 
HM6264ALP-15L 
150ns 


HM6264ASP-I0 
lOOns 
HM6264 ASP-12 
120ns 
HM6264ASP-15 
150ns 


HM6264 ALSP-I 0 
lOOns 
300 mil 28 pin 
HM6264ALSP-12 
120ns 


HM6264ALSP-15 
150ns 
Plastic DIP 


HM6264ALSP-IOL 
lOOns 
HM6264ALSP-12L 
120ns 
HM6264ALSP-15L 
150ns 


HM6264AFP-IO 
lOOns 
HM6264AFP-12 
120ns 
HM6264AFP-15 
150ns 


HM6264ALFP-I0 
lOOns 
28 pin 


HM6264ALFP-J 2 
120ns 
Plastic SOP 


HM6264ALFP-15 
150ns 
(Note) 


HM6264ALFP-lOL 
lOOns 
HM6264ALFP-12L 
120ns 
HM6264ALFP-15L 
150ns 


Note) 
T is added to the cnd of the type no. for a SOP of 3.00 mm (max.) 
thickness. 
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Item 
Symbol 
Rating 
Unit 
Terminal Voltage·1 
VT 
-0.5.2 
to +7.0 
V 
Power Dissipation 
PT 
1.0 
W 
Operating Temperature 
Top' 
o to +70 
·C 
Storage Temperature 
T,t, 
-55 to +125 
·C 
Storage Temperature 
(Under Bias) 
TbiOl 
-10 to 
+85 
·C 
Notes) 
-1. 
With respect to Vss. 
-2. 
-3.0V for pulse width ~ SOns 


WE ~ 
CS. 
OE 
Mode 
I/O Pin 
VeeCurrent 
Note 


X 
H 
X 
X 
Not Selected 
High Z 
lSH/SHI 


X 
X 
L 
X 
(Power Down) 
High Z 
lSH/SBI 
H 
L 
H 
H 
Output Disabled 
High Z 
lee 
H 
L 
H 
L 
Read 
Dout 
lee 
Read Cycle 


L 
L 
H 
H 
Din 
lee 
Write Cycle (I) 
Write 
lee 
L 
L 
H 
L 
Din 
Write Cycle (2) 


Ilcm 
Symbul 
min 
Iyp 
mal< 
Unit 


Supply V"II,,~c 
VeL' 
4.5 
5.U 
5.5 
V 


VSS 
0 
0 
U 
V 


VIH 
2.2 
6.0 
V 
Input Vnll,,~c 
VII. 
-0.3.1 
0.8 
V 
'- 
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Item 
Symbol 
Test Condition 
min 
typ'l 
max 
Unit 


input 
Leakage 
Current 
ilL/I 
Vin= VSS to VCC 
- 
- 
2 
,.A 


Output 
Leakage 
Current 
11£01 
CSI= VIH or CS2=VIL orOE= 
VIHor WE= V/L. 
- 
- 
2 
,.A 
VI/O=VSSto 
Vcc 


Operating 
Power 
Supply 
Current 
ICCDe 
CSt = VIL. CS2= VIH.II/o=OmA 
- 
7 
15 
mA 


Min. cycle, 
duty=IOO%, 
CSI=V/L. 
CS2=VIH 
30 
45" 
mA 
ICCI 
- 
II/O=OmA 
30 
55" 


Average 
Operating 
Current 
Cycle 
time 
= I,.s, 
duty 
= 100%,1[/0 
= OmA, 


ICC2 
CSI 
f;; 0.2V, 
CS2 ~ VCC -o.2V 
- 
3 
5 
mA 
VIH ~ VCC -o.2V, 
V/L f;; 0.2V 


ISB 
CSI =VIHor 
CS2=V/L 
- 
1 
3 
mA 


Standby 
Power 
Supply 
Current 
- 
0.02 
2 
mA 
CSl~VCC-o·2V, 
CS2~VCC-O.2V 
or 
ISBl"2 
OV ~ OS2 ~ 0.2V, 
OV ~ Vin 
- 
2" 
100" 
,.A 
- 
2'4 
50" 


VOL 
IOL=2.1mA 
- 
- 
0.4 
V 
Output 
Voltage 
IOH=-1.0mA 
2.4 
V 
VOH 
- 
- 


Notes) 
'1. 
Typical 
limits 
are at VCc=S.OV, Ta=2SoC and specified 
loading. 
42. 
V/L min=-0.3V 


43. 
This characteristics 
is guaranteed 
only 
for L-version. 
44. 
This characteristics 
is guaranteed 
only 
for LL-version. 
·S. 
For 
120ns/ISOns 
version. 


-6. 
For lOOns version. 


Item 
Symbol 
T<st Condition 
lyp 
max 
Unit 


Input 
Capacilance 
ein 
Vin = OV 
- 
5 
pF 


Input/Output 
Capacitance 
CliO 
VIIO = OV 
.. 
7 
pF 


• AC CHARACTERISTICS 
(VCC 
= 5V±10%. 
Ta = 0 to +70°C) 


• AC TEST 
CONDITIONS 
Input 
Pulse 
Levels: 
0.8V/2.4V 
Input 
Aise and Fall Time: 
10ns 
Input 
Timing 
Aeference 
Level: 
1.5V 


Output 
Timing 
Aeference 
Level: 
0.8V/2.0V 
Output 
Timing 
Aeference 
Level: 
HM6264A-10 
1.5V 
HM6264A-12/15 
0.8V /2.0V 
Output 
Load: 
1TTL 
Gate and CL (100pF) 
(including 
scope 
and jig) 
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Symbol 
HM6264A-10 
HM6264A-12 
HM6264A-15 
Unit 
Item 
min 
max 
min 
max 
min 
max 


Read Cycle Time 
tRC 
100 
- 
120 
- 
150 
- 
ns 


Address Access Time 
tAA 
- 
100 
- 
120 
- 
150 
ns 


TCST 
tCO] 
- 
100 
- 
120 
- 
150 
ns 
Chip Selection to Output 
I CS2 
tC02 
100 
120 
150 
- 
- 
- 
ns 


Output Enable to Output Valid 
tOE 
- 
50 
- 
60 
- 
70 
ns 


Chip Selection to 
1CST 
tLZ] 
10 
- 
10 
- 
15 
- 
ns 


Output in Low Z 
f CS2 
tLZ2 
10 
- 
10 
- 
15 
- 
ns 


Output Enable to Output in Low Z 
tOLZ 
5 
- 
5 
- 
5 
- 
ns 


Chip Deselection to 
I c;sT 
tHZ] 
0 
35 
0 
40 
0 
50 
ns 


Output in High Z 
I CS2 
tHZ2 
0 
35 
0 
40 
0 
50 
ns 


Output Disable to Output in High Z 
tOHZ 
0 
35 
0 
40 
0 
50 
ns 


Output Hold from Address Change 
tOH 
10 
- 
10 
- 
10 
- 
ns 


Notes) 
I. 
tHZ and tOHZ are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 


2. At any given temperature 
and voltage condition, tHZ max is less than tLZ min both for a given device and from 
d device to device. 


tLZ] 


tC02 
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Symbol 
HM6264A-I0 
HM6264A-12 
HM6264A-15 
Unit 
Item 
min 
max 
min 
max 
min 
max 
Write Cycle Time 
twe 
100 
- 
120 
- 
150 
- 
ns 
Chip Selection to End of Write 
tew 
80 
- 
85 
- 
100 
- 
ns 
Address Setup Time 
tAS 
0 
- 
0 
- 
0 
- 
ns 


Address Valid to End of Write 
tAW 
80 
- 
85 
- 
100 
- 
ns 
Write Pulse Width 
twp 
60 
- 
70 
- 
90 
- 
ns 
Write Recovery Time 
tWR 
0 
- 
0 
- 
0 
- 
ns 
Write to Output in High Z 
tWHZ 
0 
35 
0 
40 
0 
50 
ns 
Data to Write Time Overlap 
tDW 
40 
- 
40 
- 
50 
- 
ns 
Data Hold from Write Time 
tDH 
0 
- 
0 
- 
0 
- 
ns 
Output Enable to Output in High Z 
tOHZ 
0 
35 
0 
40 
0 
50 
ns 
Output Active from End of Write 
tow 
5 
- 
5 
- 
5 
- 
ns 
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tAW 


tew [2] 


twp 
[I) 


tAS 
(3) 


[5) 
tWHZ 
tow 
(7) 
[8J 


tDW 
tDH 
(9) 


NOTES; 
I) 
A write 
occurs 
during 
the 
overlap 
of a low CS1, a high CS2 and a low WE. A write 
begins 
at the latest 
transi- 
tion 
among 
CSI going 
low, 
CS2 going 
high 
and 
WE going 
low. 
A write 
ends 
at the earliest 
transition 
among 
CSI going 
high, 
CS2 going 
low and WE going 
high, 
t WP is measured 
from 
the beginning 
of write 
to the end 
of write. 
2) t cw is measured 
from 
the later 
of CSI 
going 
low or CS2 going 
high to the end of write. 


3) 
tAS is measured 
from 
the address 
valid to the beginning 
of write. 
4) 
tWR is measured 
from 
the earliest 
of CST or WE going 
high or CS2 going 
low to the end of write 
cycle. 


5) 
During 
this period, 
I/O pins are in the output 
state. 
therefore 
the input 
signals of opposite 
phase 
to the 
outputs 
must 
not be applied. 
6) 
If CST 
goes 
low 
simultaneously 
with 
WE going 
low or after 
WE going 
low, 
the 
outputs 
remain 
in high 
im- 
pedance 
state. 
7) 
Dout 
is the same phase 
of the latest 
written 
data 
in this write 
cycle. 
8) 
Dout 
is the read data 
of next 
address. 
9) 
If CST is low and 
CS2 
is high during 
this period. 
I/O pins are in the output 
state. 
Therefore, 
the input 
signals 
of opposite 
phase 
to the outputs 
must 
not be applied 
to them. 
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• 
LOW Vcc DATA 
RETENTION 
CHARACTERISTICS 
(Ta = 0 to +70°C) 
This characteristics is guaranteed only for L/LL-version. 


Item 
Symbol 
Test 
Condition 
min 
typ 
max 
Unit 


Vcc for Data 
Retention 
VDR 
CSl~VCC-o.2V, 
CS2? 
VCC-0.2V 
or 
2.0 
- 
- 
V 
CS2 ~0.2V 


VCC = 3.0V 
- 
,., 
50*' 
Data 
RetentionCurrent 
ICCDR 
CSI 
~ VCC -0.2V 
/JA 
CS2 ~ VCC -0.2V 
or OV~CS2~0.2V,tlV~Vin 
- 
I*' 
2S*' 


Chip 
Deselect 
to Data 
Retention 
tCDR 
0 
ns 
Time 
- 
- 


See Retention 
Waveform 
Operation 
Recovery 
Time 
tR 
tRC·3 
- 
- 
ns 


Notes) 
01. 
V/L min = -O.3V, 
20/JA 
max at Ta=O to 40°C, 
This characteristics 
is guaranteed 
only 
for L-version. 


°2. 
V/L min = -O.3V, IO/JA max 
at Ta = 0 to 40°C, 
This characteristics 
is guarnteed 
only 
for LL-version. 


°3. 
tRC = Read 
Cycle 
Time 


• LOW Vcc OATA RETENTION 
WAVEFORM 
111 (CSl Controlled) 


Data 
Retention 
Mode 


Vcc 


4.SV - - 
- 
- 
- 
- 
- 
- - - - - 


CS2 


VDR 
- - - 
- 
- 


Note) 
In Data 
Retention 
Mode. 
CS2 
controls 
the 
Address, 
WE, CST, OE and 
Din buffer. 
If CS2 controls 
data 
retention 
mode, 
Vin 
for 
these 
inputs 
can be in the high impedance 
state. 
If CS' 
controls 
the data 
retention 
mode, 
CS2 must 
satisfy 
either 
CS2 
~ Vcc-0.2V 
or CS2 
~ 0.2V. 
The 
other 
input 
levels 
(address, 
WE, OE, I/O) 
can be in the high 
impedance 
state. 
- 
- 
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SUPPLY 
CURRENT 
VS. 


SUPPLY 
VOLTAGE 
SUPPL Y 
CURRENT 
VS. 
AMBIENT 
TEMPERATURE 


\ic=5.tl\' 


----V 


, 
- 


SUPPLY 
CURRENT 
VS. 


FREQUENCY 


ACCESS 
TIME 
VS. 
LOAD 
CAPACITANCE 


ACCESS 
TIME 
VS. 


SUPPLY 
VOLTAGE 
ACCESS 
TIME 
VS. 


AMBIENT 
TEMPERATURE 


U 


I.:! 


1.1 


~. 
1.11 
, 
~ 
;- 


€ 
11.9 


-< 


11.11 


0,; 


n 
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INPUT 
LOW VOLTAGE 
VS. 
SUPPLY 
VOLTAGE 
INPUT 
HIGH VOLTAGE 
VS. 
SUPPLY 
VOLTAGE 


1.6 


U 


~ 
1.2 
-.J. 


! 


1.0 
! 
Il.!'lI 


0.' 


ru I 


OUTPUT 
CURRENT 
VS. 
OUTPUT 
VOLTAGE 
OUTPUT 
CURRENT 
VS. 


OUTPUT 
VOLTAGE 


STANDBY 
CURRENT 
VS. 
AMBIENT 
TEMPERATURE 
STANDBY 
CURRENT 
VS. 
SUPPLY 
VOLTAGE 
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HM6288 Series 


16384-word 
X 4-bit High Speed CMOS Static RAM 


The 
Hitachi 
HM6288 
is a high speed 64k static 
RAM 
organized 
as 16-kword 
x 4-bit. 
It realizes 
high 
speed access time 
(25/35/45 
ns) and 
low 
power 
consumption, 
employing 
CMOS 
process 
technology. 
It is most advantageous for the field 
where high 
speed and high density 
memory 
is required, such 
as the cache memory 
for 
main frame 
or 32-bit 


MPU. 
The HM6288, 
packaged in a 300 mil plastic DIP 
and SOJ, is available for high density 
mounting. 
Low power version retains the data with 
battery 
back up . 


• FEATURES 


• 
Single 5V Supply and High Density Plastic Package. 
• 
High Speed: Fast Access Time 25/35/45 
ns (max.) 
• 
Low Power dissipation 
Active mode 300mW (typ.) 
Standby mode 100~W (typ.) 
• 
Completely 
Static 
Memory 
No Clock or Timing 
Strobe 
Required. 
• 
Equal Access and Cycle Times. 


• 
Directly TTL Compatible - All Inputs and Outputs. 


• 
ORDERING 
INFORMATION 


Type No. 
Access Time 
Package 


HM6288p-25 
25ns 
300 mil 
HM6288p-35 
35ns 
22-pin 


HM6288LP-25 
25ns 
Plastic DIP 


HM6288LP·35 
35ns 
(DP-22NB) 


HM62881p-25 
25ns 
HM62881p-35 
35ns 
300 mil 
24-pin 
HM6288UP-25 
25ns 
SOJ (CP-24D) 
HM6288UP-35 
35ns 


(CP-24D) 


.PlN 
ARRANGEMENT 


AD 
Vcc 
Al 
A13 
A2 
A12 
A3 
All 
A4 
AID 
AS 
A9 
A6 
1/01 
A7 
1/02 
A8 
1/03 
CS 
1/04 
v.. 
wr 
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24 
Vcc 
23 
A13 
22 
A12 
21 
All 
20 
AID 
19 
A9 
18 
NC 
17 
1/01 
16 
1/02 
15 
1/03 
14 
1/04 
13 wr 


(Top View) 


Pin Name 
Function 
AO-A13 
Address 


1/01-1/04 
Input/Output 
CS 
Chip Select 
WE 
Write Enable 


VCC 
Power Supply 


VSS 
Ground 


hem 
Symbol 
Ratin" 
Unit 


Voltale 
on Any Pin R~lative to Vss 
VT 
-O.S·lto 
+7.0 
V 


Power 
Dissipation 
Pr 
1.0 
W 


Op~ratinl 
T~mperature 
T••. 
o 10 +70 
'C 


Storal~ 
T~mperaturt 
T." 
-55to+125 
'C 


Temperature 
under Bias 
T•.u 
-10to+85 
'C 


cs 
WE 
Mode 
Vee Current 
110 Pin 
Ref. Cycle 


H 
x 
Standby 
ISH, ISHI 
HighZ 
- 


L 
H 
Read 
Ice 
Dout 
Read'Cycie 
1,2 


L 
L 
Write 
Ice 
Din 
Write Cycle 1,2 


Parameter 
Symbol 
min 
typ 
max 
Unit 


Vee 
4.5 
5.0 
5.5 
V 
Suppl y Voltage 
Vss 
0 
0 
0 
V 


Input High (logic I) Voltage 
VIH 
2.2 
- 
6.0 
V 


Input Low (logic 0) Voltage 
V/L 
-0.50' 
- 
0.8 
V 


Parameter 
Symbol 
Test Condition 
min 
typO' 
max 
Unit 


Input Leakage 
Current 
I ILl I 
Vee=MAX. 
V1N= Vss to 
Vee 
- 
- 
2.0 
",A 


Output 
Leakage 
Current 
I Iw 
I 
CS= 
V1H, VUO= 
Vss to 
Vee 
- 
- 
2.0 
",A 


Operating 
Power Supply Current 
Ice 
CS= 
V/L, Iuo=OmA, 
min. cycle 
- 
60 
120 
mA 


Standby 
Vee Current 
ISH 
CS= 
VIH, min. cycle 
- 
15 
30 
mA 


[581*2 
CS~ 
Vee-0.2V 
- 
0.02 
2.0 
mA 
Standby 
Vee Current 
I 
[581.3 
OV::;;;VIN ::;;;0.2Vor 
Vee - 0.2V::;;;VIN 
- 
0.02 
0.1 
mA 


Output 
Low Voltage 
VOL 
IOL=8mA 
- 
- 
0.4 
V 


Output 
High Voltage 
VOH 
IOH= -4.0mA 
2.4 
- 
- 
V 


Notes: * 1. Typical limits are at Vcc = 5.0V, To::r. + 2S'C and specified loading . 


• 2. P version 
• 3. LP version 


Parameter 
Symbol 
Test Conditions 
min 
max 
Unit 


Input Capacitance 
C. 
V;.=OV 
- 
6 
pF 


Input/Output 
Capacitance 
Clio 
Vi/o=OV 
- 
8 
pF 
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.AC CHARACTERISTICS 


• 
AC Test Conditions 
Input 
pulse levels: OV to 3.0V 


Input 
rise and fall times: 
5ns 


Input and Output 
timing 
reference levels: 1.5V 


Output 
load: See Figure 


Output Load (B) 
(for tHZ, tLZ, twz & tOW) 


Parameter 
Symbol 
HM6288-25 
HM6288·35 
Unit 
min 
max 
min 
max 
Read Cycle Time 
tRC 
25 
- 
35 
- 
ns 


Address Access Time 
tAA 
- 
25 
- 
35 
ns 
Chip Select Access Time 
tACS 
- 
25 
- 
35 
ns 
Output Hold from Address Change 
tOH 
3 
- 
5 
- 
ns 
Chip Selection to Output in Low Z 
tLZ- 
5 
- 
5 
- 
ns 
Chip Deselection to Output in High Z 
tHZ- 
0 
12 
0 
20 
ns 
Chip Selection to Power Up Time 
tpu 
0 
- 
0 
- 
ns 
Chip Seselection to Power Down Time 
tpD 
- 
25 
- 
30 
ns 


• Timing 
Waveform 
of Read Cycle 
No.2 [1] [3] 


cs 


Noles: L WE is lIiRh fOT Read C)'c1e. 


2. Device is continuously 
selected. Es= V'l. 


3. Address Valid prior to or coincident 
with CS transition 
Low. 
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HM6288-25 
HM6288-35 
Unit 
Parameter 
Symbol 
min 
max 
min 
max 


Write Cycle Time 
twe 
25 
- 
35 
- 
ns 


Chip Selection to End of Write 
tew 
20 
- 
30 
- 
ns 


Address Valid to End of Write 
tAW 
20 
- 
30 
- 
ns 


Address Setup Time 
tAS 
0 
- 
0 
- 
ns 


Write Pulse Width 
twP 
20 
- 
30 
- 
ns 


Write Recovery Time 
tWR 
0 
- 
0 
- 
ns 


Date Valid to End of Write 
tDW 
12 
- 
20 
- 
ns 


Data Hold Time 
tDH 
0 
- 
0 
- 
ns 


Write Enabled to Output in High Z 
tWZ· 
0 
8 
0 
10 
ns 


Output Active from End of Write 
tOW· 
5 
- 
5 
- 
ns 
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Notes) 1. A write occurs during the overlap of a low CS and a low WE. (/In') 


2. tWR is measured 
from the earlier of CS or WE going high to the end of write cycle. 
3. During this period. I/O pins are in the output state so that the input signals of opposite phase to the 


outputs must not be applied. 


4.lf the CS low transition 
occurs simultaneously 
with the WE low transition 
or after the WE 
transition, 
the output buffers remain in a high impedance 
state. 


S.1f CS is low during this period, 1/0 pins are in the output state after tow. 
Then the data input signals 
of opposite phase to the outputs must not be applied to them. 


6. Dout is the same phase of write data of this write cycle. if tWR is long enough . 


• Low Vcc Data Retention 
Characteristics 
( Ta =0 to + 70"C) 
(This Characteristics 
is guaranteed 
only for L-version.) 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 
Test Conditions 


Vcc for data retention 
VOR 
2.0 
- 
- 
V 
CS;;;: Vcc-0.2V 


Vi.;;;: Vcc - 0.2V or 


Data retention 
current 
ICCOR 
- 
- 
50" 
IlA 
35" 
OV;;; Vi.;;;0.2V 


Chip deselect 
to data 


ICOR 
0 
- 
- 
ns 
retention 
time 
See retention 
waveform 


Operation 
recovery 
time 
tR 
IRCI) 
- 
- 
ns 


NOTE: 
l. IRe"" 
Read cycle 
time 
2. Vcc=3.0V 
3. Vcc=2.0V 
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1.6 


] 


1.4 


1 
1.2 


~- 
1.0! 
u~ 0.8 
~ 
v, 


0.6 


0.44.5 
4.75 


Vcc =5.0V 


- 
----.:::..- 


- 
1.0 


"~ 
r..;, 
0.8 


~ 
V> 


] 
1.2 


••§ 
~ 
1.1 


1.8 


] 
1.6 


••§~ 


u 
.; 
~ 
E 
i= 


E 
:< 


0.8 


1.3 


j 
Vcc =5.0V 


] 


1.2 


0 
] 
z 
l 
~ 
z 
3 
Ji 
E 
I 
i= 
j 
ui 


0.8 


oil 


0.7 
0 
20 
40 
60 
80 


Ambient Temperature 
Ta rC) 


./ 
7 


/' / 


/' V 
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LOW LEVEL INPUT VOLTAGE VS. 
SUPPL Y VOLTAGE 


1.3 
] 


1.2 
1 
z 
:> 
1.1 


~ 
!'! 
<; 
1.0 
> 
J 
0.9 
] 
"' 
0.8 
" 
:;: 


0.7 


4.5 


]i 
1.4 


z 


o 
1.2 


HIGH LEVEL INPUT VOLTAGE 
VS. 


SUPPLY VOLTAGE 


] 


1.6 


1 
1.4 


z 


0 
1.2 


c 
~ 
u 
1.0 


g 
" 
0 


0.8 
5• 
0 
0.6 
..J 


0.4 a 


].. 
§ 
3 
~ 
1.0 


~ 
8 
0.5 
>. 
.0 
""c 
!'! 
Vl 


0.1 
a 


~ 
0.6 
8 
>. 
] 
0.4 


!'! 
Vl 
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Ta=25'C 
Vcc=5.0V 
CS=4.8V 
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HM6788 Series 


.FEATURES 


• 
Super Fast Access Time: 
25/30ns 
(max.l 


• 
Low power Operation 
Operating: 
230mW 
(typl. 
Standby: 
10mW (typl 


• 
+5V Single Supply 
• 
Completely 
Static Memory 
- 
No Clock or Timing 
Strobe required 


• 
Balanced Read and Write Cycle Time 
• 
Fully TTL compatible 
Input and Output 


Type No. 
Access Time 
Package 


HM6788P-25 
25ns 
300 mil 22 pin 
HM6788P-30 
30ns 
Plastic DIP 


Item 
Symbol 
Rating 
Unit 


Terminal 
Voltage 
to 
Vss 
pin 
Vr 
-0.5to 
+ 7.0 
V 


Power Dissipation 
Pr 
1.0 
W 


Operating 
Temperature 
T.,. 
o to +70 
'C 


Storage Temperature (with bias) 
T.,,(bias) 
-IOto 
+85 
'C 


Storage 
Temperature 
T,ll 
-55 
to + 125 
'C 
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cs 
WE 
Mode 
Vee Current 
Output 
Pin 
Ref. Cycle 


H 
x 
Not selected 
158./58' 
HighZ 
- 


L 
H 
Read 
Ice. IcCl 
Dout 
Read Cycle (I) (2) 


L 
L 
Write 
Ice, Icel 
Din 
Write Cycle (I) (2) 


Item 
Symbol 
min 
typ 
max 
Unit 


Vce 
4.5 
5.0 
5.5 
V 
Supply Voltage 
Vss 
0 
0 
0 
V 


Input High Voltage 
V/H 
2.2 
- 
6.0 
V 


Input Low Voltage 
VII. 
-0.5.' 
- 
0.8 
V 


Item 
Symbol 
Test Conditions 
min 
typ 
max 
Unit 


Input Leakage 
Current 
1 ILl 
1 
Vee=5.5V. 
V,N= Vss 
to Vee 
- 
- 
2 
J.JA 


Output 
Lea kage Current 
IILol 
CS= 
V,N. Vdo= 
Vss 
to Vee 
- 
- 
2 
IJA 


Opearating 
Power Supply Current 
Ice 
CS= 
VIL,IJ/o=OmA 
- 
- 
80 
mA 


Average 
Operating 
Current 
Ice I 
Min. Cycle, Duty: 100% 
- 
- 
120 
mA 


Is. 
CS= 
V,. 
- 
- 
30 
mA 
Standby 
Power Supply Current 
15., 
CS~ Vrr -0.2V, V'.,:;;O.2VorV ,-,~ Vcr-O.2V 
- 
- 
10 
mA 


Output 
Low Voltage 
VOL 
101.=8mA 
- 
- 
0.5 
V 


Output 
High Voltage 
Vo. 
10.= -4mA 
2.4 
- 
- 
V 


-AC 
CHARACTERISTICS 
(Vee = 5V ±10%, TII = 0 to +70oe, unlessotherwise noted) 


• 
AC Test Conditions 
Input 
pulse levels: Vss to 3.QV 


Input 
rise and fall time: 
4ns 


Input and Output 
reference levels: 1.5V 


Output 
Load: See Figure 


Output 
Load 
B 


(tCHZ. tWHZ. tCLZ. tOW) 
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HM6788·25 
HM6788-30 


Item 
Symbol 
Unit 


min 
max 
min 
max 


Read Cycle Time 
IRe 
25 
- 
30 
- 
ns 


Address 
Access Time 
I•• 
- 
25 
- 
30 
ns 


Chip Select Access Time 
lACS 
- 
25 
- 
30 
ns 


Chip Selection 
to Output 
in Low Z 
/CLZ. 
2 
0 
- 
0 
- 
ns 


Chip Deselection 
to Output 
in High Z 
fCHZ. 
2 
0 
10 
0 
12 
ns 


Output 
Hold from Address 
Change 
lOR 
5 
- 
5 
- 
ns 


Chip Selection 
to Power 
Up Time" 
tPl' 
0 
- 
0 
- 
ns 


Chip Deselection 
to Power 
Down Time" 
Iro 
- 
20 
- 
30 
ns 


Input Voltage 
Rise/Fall 
Time" 
tr 
- 
150 
- 
150 
ns 


Notes) ••. 
This parameter 
is sampled and not 100°'0 tested . 


• 2. Transition 
is measured 
±200mV 
form steady 
slale 
voltage 
with Load (R), This 
parameter 
is sampled 
and not 
lOOGl!l tested 


•••3. If tT becomes 
more than 
15tlns. there 
is possibility 
of function 
fail. 


pka:-.ccnntact your ncarc:-.lHil:tchi Salc~ Dcpl. rcganJing spcl.:ilicalinn. 


• 
Timing 
waveform 
of Read Cycle No.1 
-1,-2 


High Impedance 


Note) 01. WE = VIH 


°2. CS= VlL 
°3. 
Address 
valid prior 
to or coincident 
with 
CS transition 
Low. 


HM6788·25 
HM6788·30 


Item 
Symbol 
Unit 
min 
max 
min 
max 


Write 
Cycle Time 
Iwe 
25 
- 
30 
- 
ns 


Chip Selection 
to End of Write 
few 
20 
- 
25 
- 
ns 


Address 
Setup Time 
IAS 
0 
- 
0 
- 
ns 


Address 
Valid to End of Write 
lAW 
20 
- 
25 
- 
ns 


Write 
Pulse Width 
Iwp 
20 
- 
25 
- 
ns 


Write 
Recovery 
Time 
IWR 
0 
- 
0 
- 
ns 


Write 
to Output 
in High Z 
fWHZ·1 
0 
10 
0 
12 
ns 


Data Valid to End of Write 
IDW 
15 
- 
15 
- 
ns 


Data Hold Time 
IDR 
5 
- 
5 
- 
n~ 


Output 
Active 
from End of Write 
low 
_I 
0 
- 
0 
- 
ns 


~HITACHI 


Hitachi America. Ltd.• 
Hitachi Plaza. 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 


• 
Timing waveform of Write Cycle No.2 
(CS Controlled) 


twe 


Notes) 
*1. 
A write 
occurs 
during 
the overlap 
(tWP) of a low CS and a low WE. 
*2. 
During 
this 
period, 
I/O 
pins 
are in the 
output 
state 
so that 
the 
input 
signals 
of 
opposite 
phase 
to the outputs 
must 
not 
be applied. 
*3. 
Dout 
is the same 
phase 
of write 
data 
of this write 
cycle. 
*4. 
If the ES low 
transition 
occurs 
after 
the WE low transition, 
output 
remain 
in a 
high impedance 
state. 
*5. 
If CS is low during 
this period, 
I/O 
pins are in the output 
state. 
Then, 
the data 
input 
signals 
of opposite 
phase 
to the ou tputs 
must 
not be applied 
to them. 
*6. 
tWR is measured 
from 
the earlier 
of ES or WE going 
high to the end of write 
cycle . 
• CAPACITANCE 
(Ta=25"C,j=l.OMHz) 


Item 
Symbol 
min 
typ 
max 
Conditions 


Input Capacitance 
CIS 
- 
- 
6.0 
V,.v=OY 


InputiOutput 
Capacitance 
CI/O 
- 
- 
8.0 
VOtT=OY 
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HM6788H Series-------- 


Features 


• 
Super 
Fast Access 
Time: 
15/20ns 
(max.l 


• 
Low power 
Operation 


Operating: 
280mW 
(typ) 


• 
+5V Single 
Supply 
• 
Completely 
Static 
Memory 
- 


No Clock 
or Timing 
Strobe 
required 


• 
Equal 
Access 
and Cycle Times 


• 
Fully 
TTL compatible 
Input 
and Output 


Ordering 
Information 


Type No. 


HM6788Hp-15 


HM6788Hp-20 


Package 


300 mil 22 pin 
Plastic DIP 
15ns 


20ns 


Vee 


--<> 


--<> 
Vss 


Absolute 
Maximum 
Ratings 


Item 
Symbol 
Rating 
Unit 


Terminal Voltage to Vss 
pin 
VT 
-0.5 to + 7.0 
V 


Power Dissipation 
PT 
1.0 
'W 


Operating Temperature 
T.,. 
o to +70 
'C 


StorageTemperature(withbias) 
T".(bias) 
-IOto 
+85 
'C 


Storage Temperature 
T,t. 
-55 to + 125 
'C 


Note) 
The specifications of this device are subject to change without notice. 
Please contact Hitachi's Sales Dept. regarding specifications. 
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Truth Table 


cs 


H 


L 


L 


Mode 


Not selected 


Read 


Vcc Current 
I/O 
Pin 
Ref. Cycle 


IS8,ls8' 
HighZ 


Icc. IcCl 
Data 
Out 
Read 
Cycle 
(1). (2) 


Icc. IcCl 
Data 
In 
Write 
Cycle 
(1), (2) 


Item 
Symbol 
min 
typ 
max 
Unit 


Vcc 
4.5 
5.0 
5.5 
V 


Supply Voltage 
Vss 
0 
V 
0 


Input High Voltage 
V,H 
2.2 
6.0 
V 


Input Low Voltage 
VI/. 
-0.5·' 
0.8 
V 


Note) 
* 1. 
-3.0V 
with 
IOns pulse 
width. 


DC and Operating Characteristics 
( Vcc=5V ± 10%, 
Ta=O'C to +70'C) 


Item 
Symbol 
Test Conditions 
min 
typ 
max 
Unit 


Input Leakage 
Current 
I ILl I 
Vcc=S.SV. 
V,N= Vss 
to Vcc 
2 
~ 


Output 
Lea kage Current 
IILal 
CS= 
V,N. Vi/a= 
Vss 
to Vcc 
10 
~ 


Opearating 
Power Supply Current 
Icc 
CS= VIL./i/a=OmA 
100 
mA 


Average 
Operating 
Current 
IcCl 
Min. Cycle. Duty: 100% II/O = OmA 
120 
mA 


IS8 
CS= 
V,H 
30 
mA 


Standby 
Power Supply Current 
IS8' 
CSo: Vrr-O.ZV, 
V'.,:OO.2Vor 
V/.,O: Vrr-O.ZV 
10 
mA 


Output 
Low Voltage 
VOL 
IOL=8mA 
0.4 
V 


Output 
High Voltage 
VOH 
IOH=-4mA 
2.4 
V 


AC Characteristics 
(Vcc = 5V ±10%, T. = 0 to +70°C, unless otherwise 
noted) 


• 
AC Tilt Conditions 
Input pulse levels: VSS to 3.QV 
Input rise and fall time~ 4ns 
Input and Output reference levels: 1.5V 
Output Loed: See Figure 


HV 
HV 


4II1II 
Output 


4II1II 
Ou~ut 
. IoF' 


25lll 


25lll 
311DF' 


7 


r.'T 
•• 
hlll ..••••••••• 
iia- 


Output 
Load 
B 
Output 
Load 
A 
(tHZ. tLZ. tWZ. tOW) 
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Read Cycle 


HM6788H-15 
HM6788H-20 
Unit 
Item 
Symbol 
min 
max 
min 
max 


Read Cycle Time 
tRC 
15 
20 
ns 


Address Access Time 
tAA 
15 
20 
ns 


Chip Select Access Time 
tACS 
15 
20 
ns 


Chip Selection to Output in Low Z 
tLZ 
3 
3 
ns 


Chip Deselection to Output in High Z 
tHZ 
0 
6 
0 
8 
ns 


Output Hold from Address Change 
tOH 
3 
3 
ns 


Note) 
*1. This parameter is sampled and not 100% tested. 
*2. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 


Note) *1. WE = VIH 
*2. CS= VIL 
*3. Address valid prior to or coincident with CS transition Low. 


Write Cycle Time 


Chip Selection to End of Write 


Address Setup Time 


Address Valid to End of Write 


Write Pulse Width 


Write Recovery Time 


Write Enable to Ou.tput in High Z 


Data Valid to End of Write 


Data Hold Time 


Output Active from End of Write 


Note) 1. IfCS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the fltst transitioning 
address. 


3. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 


@HITACHI 


Hitachi America. ltd .• 
Hitachi Plaza' 2000 Sierra Point Pkwy.• 
Brisbane. CA 94005-1819 • (415) 589-8300 
117 


High Impedance 


tOH*6 


=t 


twc 


Address 
_ 


•• ----tAw 
tAS 


zftDW_~ 
~XXXXXXXXXXX 
DatavalidXXXXXX 


Note)*I. 
A write 
occurs 
during 
the overlap 
of a low CS and a low WE. (twp) 


*2. tWR is measured 
from 
the earlier 
of CS or WE going high 
to the end of write 
cycle. 


*3. During 
this period, 
I/O pins 
are 
in the output 
state 
so that 
the input 
signals 
of opposite 


phase to the outputs 
must 
not be applied. 


*4. ![!he 
CS low transition 
occurs 
simultaneously 
with 
the WE low transition 
or after 
the 


WE transition, 
the output 
buffers 
remain 
in a high impedance 
state. 


*S. If CS is low during 
this 
period, 
I/O pins are 
in the output 
state. 
Then 
the data 
input 
signals 
of opposite 
phase 
to the outputs 
must 
not be applied 
to them. 


*6. Data Out is the same phase of write data of this write cycle. 


Conditions 


VIN=OV 


Vl/O=OV 


Input Capacitance 


Input/Output 
Capacitance 
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HM6788HA Series- 
Preliminary 


16384-Word 
x 4·Bit High Speed 
Static 
RAM 


• 
FEATURES 


• Super Fast 
Access Time 
12/15/20ns (max.) 


• + 5V Single Supply 
• Low Power Dissipation 


(DC) Operating 
300mW (typ.) 


• Completely 
Static Memory 


No Clock or Timing 
Strobe Required 


• Fully TIL 
Compatible-All 
Inputs and Outputs 


Type No. 


HM6788HAP-12 
HM6788HAP-15 
HM6788HAP-20 


Access Time 
Package 


l2ns 
300 mil 22 pin 
l5ns 
Plastic DIP 


20ns 
(DP-22NB) 


-oVcc 
-oVss 
Row 
Decoder 
Memory 
Matrix 


128 X 512 


Input 
Data 
Control 


Column 
1/0 


Column 
Decoder 


Vcc 


A13 


A12 


A11 


AlO 


Ag 


1/01 


1/02 


1103 


1/04 


WE 
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Item 
Symbol 
Rating 
Unit 


Voltage on Any Pin Relative to VSS 
VT 
-0.5 to +7.0 
V 


Power Dissipation 
PT 
1.0 
W 


Operating 
Temperature 
Toor 
o to +70 
°C 


Storage Temperature 
TSl2 
-55 to + 125 
°C 


Temperature 
Under Bias 
Tbias 
-10 to +S5 
°C 


Item 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Vee 
4.5 
5.0 
5.5 
V 
Supply Voltage 


Vss 
0.0 
0.0 
0.0 
V 


Input High (Logic I) Voltage 
VlH 
2.2 
- 
6.0 
V 


Input Low (Logic 0) Voltage 
V1L 
-3.0* 
- 
O.S 
V 


CS 
WE 
Mode 
Vee Current 
I/O Pin 
Ref. Cycle 


H 
X 
Not Selected 
ISB' ISB! 
High Z 
- 


L 
H 
Read 
Iee,IeCl 
Data Out 
Read Cycle (I), (2) 


L 
L 
Write 
Iee,IeCl 
Data In 
Write Cycle (I), (2) 


Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Input Leakage Current 
IILlI 
Vee 
= 5.5V, VIN = Vss to Vee 
- 
- 
2 
p.A 


Output Leakage Current 
IILOI 
CS = VlH, VI/O = Vss to Vee 
- 
- 
10 
p.A 


Operating 
Power Supply Current 
Ice 
CS = V1L, II/O, = OmA 
- 
- 
100 
mA 


Average Operating 
Current 
Ieel 
Min. Cycle Duty: 100% II/O = OmA 
- 
- 
120 
mA 


Standby Power Supply Current 
ISB 
CS = VlH 
- 
- 
30 
mA 


Standby Power Supply Current 
(I) 
ISB1 
CS ~ Vee - 0.2V 
- 
- 
10 
mA 
VIN :5 0.2V or V1N ~ Vee - 0.2V 


Output Low Voltage 
VOL 
IOL = SmA 
- 
- 
0.4 
V 


Output High Voltage 
VOH 
IOH =--4mA 
2.4 
- 
- 
V 


• 
AC TEST CONDITIONS 


• Input Pulse Levels: Vss to 3.0V 
• Input Timing Reference 
Levels: 1.5V 
• Output Load: See Figure 


• Input Rise and Fall Times: 4ns 
• Output Reference 
Levels: 1.5V 


+sv 


4800 
+sv 


4800 


Output 
Load A 


*Including 
scope and jig capacitance. 


Output 
Load B 


(for tHZ' tLZ' twz. & low) 
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Item 
Symbol 
Max. 
Unit 
Conditions 


Input Capacitance 
C1N 
6.0 
pF 
VIN = OV 


Input/Output 
Capacitance 
CI/O 
10.0 
pF 
VI/O - OV 


• 
AC CHARACTERISTICS 
(Vcc = 5V ± 10%, Ta = O°C to 70°C, 
unless otherwise 
noted.) 


• Read Cycle 


HM6788HA-12 
HM6788HA-15 
HM6788HA-20 


Item 
Symbol 
Unit 
Notes 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read Cycle Time 
tRC 
12 
- 
15 
- 
20 
- 
ns 
- 


Address Access Time 
tAA 
- 
12 
- 
15 
- 
20 
ns 
- 


Chip Select Access Time 
tACS 
- 
12 
- 
15 
- 
20 
ns 
- 


Output Hold from Address Change 
tOH 
4 
- 
4 
- 
4 
- 
ns 
- 


Chip Selection to Output in Low Z 
tLZ 
3 
- 
5 
- 
5 
- 
ns 
1,2 


Chip Deselection 
to Output in High Z 
tHZ 
0 
6 
0 
6 
0 
8 
ns 
1,2 


NOTES: 
I. This parameter 
is sampled 
and not 100% tested. 


2. Transition 
is measured 
± 200m V from steady state voltage with specified 
loading 
in Load B. 


HM6788HA-12 
HM6788HA-15 
HM6788HA-20 
Item 
Symbol 
Unit 
Notes 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Cycle Time 
twc 
12 
- 
15 
- 
20 
- 
ns 
2 


Chip Selection to End of Write 
tew 
8 
- 
10 
- 
15 
- 
ns 
- 


Address Valid to End of Write 
tAW 
8 
- 
10 
- 
15 
- 
ns 
- 


Address Setup Time 
tAS 
0 
- 
0 
- 
0 
- 
ns 
- 


Write Pulse Width 
twP 
8 
- 
10 
- 
15 
- 
ns 
- 


Write Recovery Time 
tWR 
0 
- 
0 
- 
0 
- 
ns 
- 


Data Valid to End of Write 
tDw 
6 
- 
7 
- 
10 
- 
ns 
- 


Data Hold Time 
tDH 
0 
- 
0 
- 
0 
- 
ns 
- 


Write Enable to Output in High Z 
twz 
0 
6 
0 
6 
0 
8 
ns 
3,4 


Output Active from End of Write 
low 
3 
- 
3 
- 
3 
- 
ns 
3,4 


NOTES: 
I. If CS goes high simultaneously 
with WE high, the output 
remains 
in a high impedance 
state. 


2. All write cycle timings 
are referenced 
from the last valid address 
to the firsttransitioning 
address. 


3. Transition 
is measured 
±200mV 
from steady state voltage with specified 
loading 
in Load B. 


4. This parameter 
is sampled 
and not 100% tested. 
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• 
TIMING WAVEFORM 


• Read Cycle (1) (1)(2) 


High 
Impedence 


NOTES: 
1. WE is High for READ cycle. 


2. Device is continuously 
selected, 
CS = VIL 


3. Address 
valid prior to or coincident 
with CS transition 
low. 
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HM6788HA 
Series 


• Write Cycle (1) 
(WE Controlled) 
• 


twc 


Address 


tcw 


CS 


tAW 


tAS 
tWP(1) 


WE 


High Impedance 
High Impedance 
Data In 


High Impedance 


Data Out 


• Write Cycle (2) 
(CS Controlled) 


I. A write occurs during 
the overlap of a low CS and a low WE (twp). 


2. tWR is measured 
from the earlier 
of CS or WE going high to the end of write cycle. 


3. During 
this period, 
110 pins are in the output state so that the input signals of opposite 
phase to the outputs 
must not 
be applied. 


4. If the CS low transition 
occurs simultaneously 
with the WE low transition 
or after the WE transition, 
the output 
buffers 
remain 
in a high impedance 
state. 


5. If CS is low during this period, 
110 pins are in the output state. Then the data input signals of opposite 
phase to the 
outputs 
must not be applied 
to them. 


6. Doo1 is the same phase of write data of this write cycle. 
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HM6289 Series 


The Hitachi HM6289 is a high speed 64k static RAM organized 


as 16-kword x 4-bit.lt 
realizes high speed access time (25/35/45 ns) 


and low power consumption, 
employing CMOS process technology. 


It is most advantageous 
for the field where high speed and high 


density 
memory 
is required, 
such as the cache memory for main 


frame or 32-bit MPU. 


The HM6289, 
packaged 
in a 300-mil 
SOJ, is available 
for high 


density mounting. 
Low power version retains the data with battery 


back up. 


High speed 


Access time: 
25135 ns (max) 


High densi1y 24-pin SOJ package 


Low power 
Active mode: 
Standby 
mode: 


Single 5 V supply 
Completely 
static memory 
No clock or timing strobe required 


Equal access and cycle times 


Directly TTL compatible: 
All inputs and outputs 


300 mW (typ) 
100 oy.W(typ) 


Ordering Information 


Type No. 
Access Time 
HM6289JP-25 
25 ns 
HM6289JP-35 
35 ns 
HM6289UP-25 
25 ns 
HM6289UP-35 
35ns 


Package 
300-mil 
24-pin 


SOJ 
(CP-24D) 


Input 
D••• 


Coo •• 01 


Pin Name 


AD-Al3 


1101-1/04 
CS 
OE 
WE 


Ycc 
Vss 


Function 


Address 
Input/output 


Chip select 
Output enable 


Write enable 
Power supply 
Ground 


--0 
Vcc 


--0 
V•• 
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Function Table 
cs 
DE 
WE 
H 
x 
x 
L 
L 
H 
L 
H 
L 
L 
L 
L 


Mode 
Not selected 


Read 
Write 


Write 


VccCurrent 
Iso, IsOI 
Ice 
Ice 


Ice 


I/O pin 
High-Z 


Dout 
Din 


Din 


Absolute Maximum Ratings 


Item 
Symbol 


Voltage on any pin relative to Vss 
Vin 


Power dissipation 
?r 


Operating 
temperature 
range 
T 01" 


Storage temperature 
range 
T"s 
Storage temperature 
range under bias 
Tbi •• 


Note: 
*1. Vin min = -2.0 V for pulse width ~ 10 ns. 


Value 
-OSI to +7.0 
1.0 


Oto +70 


-55 to +125 


-10 to +85 


Recommended 
DC Operating Conditions 
eTa = 0 to +70°C) 


Item 
Symbol 
Min 
Typ 
Supply voltage 
Vcc 
4.5 
5.0 
Vss 
0 
0 


Input high (logic 1) voltage 
VIH 
2.2 
Input low (logic 0) voltage 
Vn. 
-OSI 


Note: 
*1. Vn. min = -2.0 V for pulse width ~ 10 ns. 


DC Characteristics 
eTa = 0 to +70°C, Vcc = 5 V ± 10%, Vss = 0 V) 


Item 
Symbol 
Min 
Typ'l 
Max 


Input leakage current 
lIul 
2.0 


Read cycle (1)-{3) 


Write cycle (1)-(2) 


Write cycle (3)-(6) 


Unit 


V 


W 
°C 
°C 
°C 


Max 
Unit 
5.5 
V 
o 
V 
6.0 
V 
0.8 
V 


Unit 
Test Conditions 
J.1A 
Vcc = Max 


Vin = OV to Vec 


JlA 
CS = VIH 
Vvo= 0 V to Vec 
mA 
CS = Vn., lvo = 0 mA, 
Min. cycle 
mA 
CS = VD~,Min. cycle 


mA 
CS ~ Vec-0.2 
V 
mA 
OV ~ Vin ~ 0.2 V or 
Vce- 
0.2 V ~ Vin 


V 
10L= 8 mA 
V 
10H = -4.0 mA 


Output leakage current 
IILOI 
2.0 


Operating 
Vcc current 
Ice 
60 
120 


Standby Vcc current 
Iso 
15 
30 
Standby Vcc current (1) 
IsoI'2 
0.02 
2.0 
IS01'3 
0.02 
0.1 


Output low voltage 
VOL 
0.4 


Output high voltage 
VOH 
2.4 


Notes: 
*1. Typical limits are at Vcc= 5.0 V, Ta = +25°C and specified loading. 
*2. P-version 
*3. LP-version 


Capacitance 
eTa = 25°C, f = IMHz) 


Item 
Symbol 
Min 
Input capacitance 
Cin 


Input/output 
capacitance 
Cvo 


Note: 
This parameter is sampled and not 100% tested. 


Max 


6 
8 


Unit 


pF 
pf 


Test Conditions 
Vin = 0 V 


VI/O=OV 
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AC Characteristics 
(Ta = 0 to +70°C, Vcc = 5 V ± 10%, unless otherwise noted.) 
Test Conditions 


Input pulse levels: 


Input rise and fall times: 


Input and output timing reference 
IEwels: 


Output 
load: 


Vssto 3.0 V 
5 ns 
1.5 V 


See figures 


Output lDad (8) 
(for IClIZ,tClZ, 10HZ, IOLZ,tW11Z& lOW) 


~ 


+5V 


4800 


Dout 


2550 
5pF * 


Read Cycle 


Item 
Symbol 
HM6289-25 
HM6289-35 
Unit 
Min 
Max 
Min 
Max 
Read cycle time 
IRc 
25 
35 
ns 
Address access time 
lAA 
25 
35 
ns 


Chip select access time 
tACS 
25 
35 
ns 


Chip selection to output in low-Z 
tCLZ·1 
5 
5 
ns 
Output enable to output valid 
tOE 
12 
15 
ns 


Output enable to output in low-Z 
tOLZ·' 
0 
0 
ns 


Chip deselection 
to output in high-Z 
tem·! 
0 
12 
0 
20 
ns 


Chis disable to output in high-Z 
toHZ·! 
0 
10 
0 
10 
ns 


Output hold from address change 
tOH 
3 
5 
ns 


Chip selection to power up time 
lPu 
0 
0 
ns 


Chip deselection 
to power down time 
!Po 
25 
30 
ns 


Note: 
01. Output transition is measured ±200 mV from sleady state voltage with Load (B). This parameter is sampled and not I()()% 


tested. 
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Notes: 
o\. 
WE is high for read cycle. 


°2. 
Device 
is continuously 
selected, 
CS = Vn.. 


°3. 
Address 
valid prior to or coincident 
with CS transition 
low. 


°4. OE= Vn.. 


HM6289-25 
Min 
Max 


HM6289-35 


Min 
Max 
Write cycle time 
!Wc 
25 
35 
ns 


Chip selection to end of write 
tcw 
20 
30 
ns 
Address valid to end of write 
lAW 
20 
30 
ns 
Address setup time 
lAS 
0 
0 
ns 
Write pulse width 
!Wp 
20 
30 
ns 


Write recovery time 
!WR 
0 
0 
ns 
Output disable to output in high-T 
1 
tOHZ 
0 
10 
0 
IOns 


Write to output in high-Z'1 
!WHZ 
0 
8 
0 
10 
ns 
Data to write time overlap 
tow 
12 
20 
ns 


Data hold from write time 
toH 
0 
0 
ns 
Output active from end of write' I 
tow 
5 
5 
ns 


Note: 
o\. 
Output transition 
is measured 
± 200 mV from steady state voltage 
with Load (B). This parameter 
is sampled 
and not 100% 


tested. 
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Notes: 
·1 
A write occurs during the overlap 
of a low CS and a low WE. (tWp) 


·2. 
tWR is measured 
from the earlier of CS or WE going high to the end of write cycle. 


·3. 
During this period, 1/0pins are in the output state so that the input signals of opposite 
phase to the outputs must not be applied. 


·4. 
If the CS low transition 
occurs simultaneously 
with the WE low transition 
or after the WE transition, 
the output buffers remain 
in a high impedance 
state. 


·S. If CS is low during this period, I/O pins are in the output 
state after tow. Then the data input signals of opposite 
phase to the 


outputs must not be applied 
to them. 


·6. 
Dout is the same phase of write data of this write cycle, if tWR is long enough. 
·7. 
If CS low transition 
occurs 
simultaneously 
with the OE high transition 
or after the OE transition, 
output 
remain 
in high 
impedance 
state. 
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Low Vcc Data Retention Characteristics 
(Ta = 0 to +70°C) 


This characteristics 
is guaranteed 
only for L-version. 


Item 


Vcc for data retention 
Data retention current 


Chip deselect to data retention time 
Operation 
recovery 
time 


Note: 
"I. IRC= Read cycle time 
"2. Vcc = 3.0 V 
"3. Vcc = 2.0 V 


Symbol 
Min 
Typ 
Max 
Unit 
Test Conditions 


VDR 
2 
V 
CS ~ Vcc- 
0.2 V, 


IcCOR 
50°2 
~A 
Vin ~ Vcc- 
0.2 Vor 


35°3 
o V $ Vin $ 0.2 V 


tCDR 
0 
ns 
See retention 
waveform 
IR 
IRCo, 
ns 
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• 


1.6 
~ 
"":l 
1.4 
:=.• 
Ei 
1.2 


!l 
1.0 


~ 
0.8 
a>. 
1:: 0.6 
" 
CIl 


0.44.5 
4.75 
5.0 


Supply 
Voltage 


5.25 


Vce(V) 


1.3 
~ 
To=25'C 
~ 


:l 
1.2 
:l 
:= 
:= 
.• 
.• 
E 
E 
0 
0 
1.1 
2;. 
2;. 
tl 
tl 
~ 
:s 


~ 


1.0 
t 


" 
0.9 
" 


~ 
.5•.. 
g 


M 


0.8 
rJ" 
" 
" 
< 
< 


0.74.5 
4.75 
5.0 
5.25 
5.5 


Supply 
Voltage 
Vce(V) 


1.1 


] 
1.0 
:=.• 
E 
0.9 
02;. 
!l 
0.8 


~ 
0.7 
a 
~ 
0.6 
go 


CIl 


0.50 


~:l:=.• 
E02;. 


~ 
-<~ 
".5•.. 
g 
0.8 
"< 
0.70 


Vcc=5.0V 


-- -:::::::::::::::- 
~a 
0.8 
>.1: 06 


CIl 


20 
40 


Ambient 
Temperature 


60 
Ta (OC) 
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Low Level Input Voltage 
va. Supply 
Voltage 


~ 
·1.3 
.":l 
Ta=25"C 
:=.. 
E 
1.2 
~ 
•• 
1.1 
> 


fo 
1.0 
:l 
"C5>1 0.9 
.s 


Cl 
3 
0.8 


~.s 
0.7 
5.0 
5.25 
55 
4.5 
4.75 


Supply Voltage 
Vcc(V) 


Output 
Current 
va. Output 
Voltage 
(1) 


~ 
." 
1.6 
:l 
Ta=25"C 
:=.. 
Vee=5V 
! 


1.4 


.§ 
1.2 


~ 
1.0 


"uI 


0.8 


'i3 
0.6 
oS 


..c•• 
0.4 
::e 
1 


High Level Output Voltage 
VOH (V) 


Standby 
Current 
va. Ambient 
Temperature 


10 
j 


Vee =3V 
CS=2.8V 


:=.. 
E 
~ 


~ 
1.0 


~ 
0.5 
8 
~] 
<Il 
0.1 
a 
20 
40 
60 
80 


Ambient TemperatuR; 
Ta ("C) 


~." 
1.3 
:l 
:=.. 
E 
1.2 
~ 
i!i 
1.1 
> 
"•• 
1.0 
:l 
'0>I 
0.9 


1l> 
0.8 
j 
..c.~ 
0.7 
:J: 
4.5 
4.75 
5.0 


Supply Voltage 


5.25 
5.5 


Vcc(V) 


Output 
Current 
va. Output 
Voltage 
(2) 


:;- 
1.6 
:l 
Ta=25"C 
:= 
Vee=5V 
.. 
E 
1.4 
0e,S 
1.2 


~ 
1.0 
a 
~ 
0.8 
8 
'i3 
0.6 
3~ 0.4 a 
.s 
0.2 
0.4 
0.6 
0.8 


Low Level Output Voltage 
VOL (V) 


~ 
06 
a 
0.4 
~l 02 


a 
2 
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• 


Ta=25't: 
Vcc=5.0V 
CS=4.8V 
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HM6789 
Series 


Features 
• 
Super Fast Access Time: 
0 
• 
0 
• 
0 
• 25/30 ns (max) 


• 
Low Power Dissipation (DC) Operating 
0 
0 
• 
0 
0 
230 mW (typo) 


• 
+5V Single Supply 


• 
Completely Static Memory 


No Clock or Timing Strobe Required 
• 
Balanced Read and Write Cycle Time 


• 
Fully TTL Compatible Input and Output 


Ordering Information 


Type No. 


HM6789P-25 
HM6789P-30 


HM6789JP·25 
HM6789JP-30 


Access Time 


25ns 
30ns 


25ns 
30ns 


Package 


300 mil 24 pin 
plastic DIP 


300 mil 24 pin 
Plastic SOJ 


Absolute Maximum Ratings 


Item 
Symbol 
Rating 
Unit 


Terminal Voltage to VSS Pin 
VT 
-0.5 to +7.0 
V 


Power Dissipation 
PT 
1.0 
W 
(Top 
View) 
Operating Temperature 
Range 
Topr 
o to +70 
·c 


Storage Temperature 
Range under bias 
Tsrg(bias) -10 
to +85 
·c 


Storage Temperature 
Range 
Tstg 
-55 
to +125 
·c 
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Recommended 
DC Operating Conditions (Ta = 0 to +70°C) 


Item 
Symbol 
min 
typ 
max 
Unit 


VCC 
4.5 
5.0 
5.5 
V 
Supply Voltage 
VSS 
0.0 
0.0 
0.0 
V 


Input High Voltage 
VIH 
2.2 
6.0 
V 


Input Low Voltage 
VIL 
-o.so' 
0.8 
V 


Note) 01. 
-3.0V for pulse width ~ 20ns. 


Function Table 


CS 
OE 
WE 
Mode 
VccCurrent 
I/O Pin 


H 
Hor L 
H or L 
Not selected 
ISB.ISBI 
High Z 


L 
H 
H 
Output Disabled 
ICC.ICC! 
High Z 


L 
L 
H 
Read 
ICC.ICC! 
Dout 


L 
H 
L 
ICC.ICC! 
Din 
Write 


L 
L 
L 
ICC.ICC! 
Din 


Read Cycle (I) (2) (3) 


Write Cycle (I) (2) (3) (4) 


Write Cycle (S) (6) 


DC and Operating Characteristics (V cc=5V±10%, 
Ta=O to +70°C) 


Item 
Symbol 


Input Leakage Current 
IILlI 


Output Leakage Current 
IILOI 


Operating Power Supply Current 
IcC 


Average Opera ting Curren t 
ICC! 


19B 


Standby Power Supply Current 


19B! 


Output Low Voltage 
VOL 


Output High Voltage 
VOH 


typ 
max 
Unit 
Test Conditions 


2 
p.A 
VCC = S.SV. VIN = VSS to Vcc 


2 
p.A 
CS = VIH or OE = VIH orWE =VIL 
VI/O 
= VSS to VCC 


100 
mA 
CS = VIL. 
11/0 = OmA 


120 
mA 
Min.Cycle.Duty: 
100%.11/0=OmA 


30 
mA 
CS = VIH 


10 
mA 
CS~ 
VCC - 0.2V 
VIN ~ 0.2V 
or VIN ~ VCC - 0.2V 


0.4 
V 
10L = 8mA 


V 
10H = -4mA 


AC Test Conditions 
• 
Input pulse levels 
" 
Vss 
to 3.0V 
• 
Input and Output reference levels 
1.5 V 
• 
Input rise and fall time 
4 ns 
• 
Output 
Load: See Figure 


Output Load B 
(;~:;::::~;~::f 
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HM6789 
Series 


max 
Unit 
Test Conditions • 


6 
pF 
VIN ; OV 


8 
pF 
VI/O; 
OV 


Imput Capacitance 
CIN 


Input/Output 
Capacitance 
CI/O 


AC Characteristics (V cc=5V±lO%, 
T.=O to +70°C, unless 
otherwise 
noted.) 


Read Cycle 


HM6789-25 
HM6789-30 
Item 
Symbol 
Unit 
min 
max 
min 
max 


Read Cycle Time 
tRC 
25 
30 
ns 


Address Access Time 
tAA 
25 
30 
ns 


Chip Select Access Time 
tACS 
25 
30 
ns 


Chip Selection to Output in Low Z 
tCLZ" 
0 
0 
ns 


Output Enable to Output Valid 
tOE 
0 
15 
0 
15 
ns 


Output Enable to Output in Low Z 
tOLZ" 
0 
0 
ns 


Chip Deselection to Output in High Z 
tCHZ" 
0 
10 
0 
12 
ns 


Output Hold from Address Change 
tOH 
5 
5 
ns 


Input Voltage Rise/Fall Time 
tT*' 
150 
150 
ns 


Write Cycle 


HM6789-25 
HM6789-30 
Item 
Symbol 
Unit 
min 
max 
min 
max 


Write Cycle Time 
twc 
25 
30 
ns 


Chip Selection to End of Write 
tcw 
20 
25 
ns 


Address Setup Time 
tAS 
0 
0 
ns 


Address Valid to End of Write 
tAw 
20 
25 
ns 


Write Pulse Width 
twP 
20 
25 
ns 


Write Recovery Time 
tWR 
0 
0 
ns 


Write to Output in High Z 
tWHZ" 
0 
10 
0 
12 
ns 


Data Valid to End of Write 
tDw 
15 
20 
ns 


Data Hold Time 
tDH 
5 
5 
ns 


Output Disable to Output in Hihg Z 
tOHZ" 
0 
10 
0 
10 
ns 


Output Active from End of Write 
tow" 
0 
0 
ns 


Notes) '1. 
Transition is measured ±200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 


'2. 
IftT becomes more than 150ns, there is possibility of function fail. 
Please contact your nearest Hitachi Sales Dept. regarding specification. 
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Timing Waveform 


Read Cyde 111"' 


*1. 
WE= VIH 


*2. 
~= 
VIL 


*3. 
OE= VIL 
_ 
*4. 
Address 
valid prior 
to or coincident 
with CS transition 
Low. 
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A write occurs during the overlap (twp) of a low CS and a low WE. 
During this period, I/O pins are in the output 
state so that the input signals of opposite phase to the outputs 
must not be applied. 
Dout is the same phase of write data of this write cycle. 
If the CS is low transition occurs after the WE low transition, output remain in a high impedance state. 
If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to 
the outputs must not be applied to them. 
If CS low transition 
occurs simultaneously 
with the OE high transition or after the OE transition, output remain 
in high impedance state. 


Notes)"1. 


"2. 
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HM6789H 
Series 


Features 
• 
Super Fast Access Time: 
. 


• 
Low Power Dissipation (DC) Operating. 


• 
+5V Single Supply 


• 
Completely Static Memory 


No Clock or Timing Strobe Required 
• 
Balanced Read and Write Cycle Time 
• 
Fully TTL Compatible Input and Output 


15/20 ns (max) 
280 mW (typ.) 


Ordering 
Information 


Type No. 


HM6789HP-15 
HM6789HP-20 


HM6789H1P-15 
HM6789HJP-20 


15ns 
20ns 


15ns 
20ns 


Package 


300 mil 24 pin 
plastic DIP 


300 mil 
24 pin plastic SOJ 


Block 
Diagram 


AS 


A7 


A6 


A5 


A4 


A3 


A2 


Absolute 
Maximum 
Ratings 


Item 
Symbol 
Rating 
Unit 


Terminal Voltage to VSS Pin 
VT 
-0.5 to +7.0 
V 


Power Dissipation 
PT 
1.0 
W 


Operating Temperature 
Range 
Top, 
o to +70 
·c 


Storage Temperature 
Range under bias 
T.tg(bias) 
-10 
to +85 
·c 


Storage Temperature 
Range 
T.tg 
-55 
to +125 
·c 


Note) 
The specifications of this device are subject to change without notice. 
Please contact Hitachi's Sales Dept. regarding specifications. 


@HITACHI 


142 
HitachiAmerica,Ltd.• HitachiPlaza. 2000 SierraPointPkwy.• Brisbane,CA94005-1819• (415)589-8300 


Recommended 
DC Operating Conditions (To = 0 to +70°C) 


Item 
Symbol 
min 
typ 
mal( 
Unit 


V 


V 


V 


V 


VCC 
4.5 
5.0 
5.5 
Supply Voltage 


VSS 
0.0 
0.0 
0.0 


Input High Voltage 
VIH 
2.2 
6.0 


Input Low Voltage 
VIL 
-0.5·' 
0.8 


Note) • I. 
-3.0V for pulse width ~ IOns. 


Function Table 


CS 
()E 
WE 
Mode 


H 
Hor L 
H or L 
Not selected 


L 
H 
H 
Output Disabled 


L 
L 
H 
Read 


L 
H 
L 
Write 


L 
L 
L 


VccCurrent 
I/O Pin 
Ref. Cycle 


ISB.ISBI 
High Z 


ICC.ICCI 
High Z 


Icc.lccl 
Data Out 
Read Cycle (1) (2) (3) 


ICC.ICCI 
Data In 
Write Cycle (1) (2) (3) (4) 


ICC.ICCI 
Data Out 
Write Cycle (5) (6) 


Item 


Input Leakage Current 


typ 
max 
Unit 
Test Conditions 


2 
",A 
VCC = 5.5V. 
VIN = VSS to VCC 


10 
",A 
CS = V IH or OE = VIH or WE = VIL. 
VI/O 
= VSS to VCC 


100 
mA 
CS = VIL. 
11/0 = OmA 


120 
mA 
Min.Cycle.Duty: 
100%.11/0=OmA 


30 
mA 
CS = V/H 


10 
mA 
CS~ 
VCC - 0.2V 
VIN ;l! 0.2V 
or VIN ~ VCC - O.2V 


0.4 
V 
10L = 8mA 


V 
10H = -4mA 


Symbol 


IILlI 


Operating Power Supply Current 


Average Operating Current 


Output Low Voltage 


Output High Voltage 


AC Test Conditions 
• 
Input pulse levels 
Vss to 3.0V 


• 
Input and Output reference levels 
1.5 V 
• 
Input rise and fall time 
4 ns 
• 
Output Load: See Figure 


OutpUt Load 8 
('eM'. tnZt 10'" 
'cu. '0•. tou) 
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Capacitance 
(T" = 25°C,I= 
1.0MHz) 


Item 
Symbol 


Imput Capacitance 


Input/Output 
Capacitance 


AC Characteristics 
(V cc=5V±10%, 
T.=O to +70°C, 
unless otherwise noted.) 


Read Cycle 


HM6789H-15 
HM6789H-20 
Item 
Symbol 
Unit 
min 
max 
min 
max 


Read Cycle Time 
tRC 
15 
20 
ns 


Address Access Time 
tAA 
15 
20 
ns 


Chip Select Access Time 
tACS 
15 
20 
ns 


Chip Selection to Output in Low Z 
tCLZ·! 
3 
3 
ns 


Output Enable to Output Valid 
tOE 
0 
12 
0 
12 
ns 


Output Enable to Output in Low Z 
tOLZ·! 
3 
3 
ns 


Chip Deselection to Output in High Z 
tCHZ·! 
0 
6 
0 
8 
ns 


Output Hold from Address Change 
tOH 
3 
3 
ns 


Write 
Cycle 


HM6789H-15 
HM6789H-20 
Item 
Symbol 
Unit 
min 
max 
min 
max 


Write Cycle Time 
twc 
15 
20 
ns 


Chip Selection to End of Write 
tcw 
10 
15 
ns 


Address Setup Time 
tAS 
0 
0 
ns 


Address Valid to End of Write 
tAW 
10 
15 
ns 


Write Pulse Width 
twP 
10 
15 
ns 


Write Recovery Time 
tWR 
1 
1 
ns 


Write to Output in High Z 
tWHZ·! 
0 
6 
0 
8 
ns 


Data Valid to'End of Write 
tow 
9 
10 
ns 


Data Hold Time 
tOH 
0 
0 
ns 


Output Disable to Output in High Z 
tOHZ·! 
0 
6 
0 
8 
ns 


Output Active from End of Write 
tOW·! 
0 
0 
ns 


Note) .1. 
Transition is measured ±200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 


@HITACHI 
144 
HitachiAmerica,Ltd.• HitachiPlaza· 2000 SierraPointPkwy.• Brisbane,CA94005-1819• (415)589-8300 


Timing Waveform 


Read Cyde (11" 


*1. 
WE = VIH 
*2. CS= V1L 
*3. OE = VIL 
*4. 
Address valid prior to or coincident with CS transition Low. 
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Notes) *1. 


*2. 


A write occurs during the overlap (twp) of a low CS and a low WE. 
During this period, I/O pins are in the output 
state so that the input signals of opposite phase to the outputs 
must not be applied. 
Data Out is the same phase of write data of this write cycle. 
If the CS is low transition occurs after the WE low transition, output remain in a high impedance state. 
If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to 
the outputs must not be applied to them. 
If CS low transition 
occurs simultaneously 
with the OE high transition or after the OE transition, output remain 
in high impedance state. 
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HM6789HA Series 


16384-Word 
x 4-Bit High Speed Static RAM (with OE) 


• 
FEATURES 


• Super Fast 


Access Time 
Add. 12/15/20ns (max.) 
OE 6/7/8ns (max.) 


• Low Power Dissipation 
(DC) Operating 
300mW (typ.) 


• + 5V Single Supply 
• Completely 
Static Memory 


No Clock or Timing 
Strobe Required 


• Fully TIL 
Compatible 
Input and Output 


Type No. 
Access Time 
Package 


HM6789HAP-12 
12ns 
300 mil 24 pin 


HM6789HAP-15 
15ns 
Plastic DIP 


HM6789HAP-20 
20ns 
(DP-24NC) 


HM6789HAJP-12 
12ns 
300 mil 24 pin 


HM6789HAJP-15 
15ns 
Plastic SOJ 


HM6789HAJP-20 
20ns 
(CP-24D) 


Row 


Decoder 


Memory 
Matrix 


128X512 


Vcc 


A13 


A12 


A11 


A10 


Ag 


NC 


1/01 


1102 


1/03 


1/04 


WE 
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Item 
Symbol 
Rating 
Unit 


Voltage on Any Pin Relative to VSS 
VT 
--D.5 to + 7.0 
V 


Power Dissipation 
PT 
1.0 
W 


Operating 
Temperature 
Range 
ToDr 
o to +70 
°C 


Storage Temperature 
Range (with bias) 
Tst.lbias) 
-10 to +S5 
°C 


Storage Temperature 
Range 
Tst• 
-55 to + 125 
°C 


Item 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Vee 
4.5 
5.0 
5.5 
V 
Supply Voltage 
Vss 
0.0 
0.0 
0.0 
V 


Input High Voltage 
VIH 
2.2 
- 
6.0 
V 


Input Low Voltage 
VIL* 
-3.0 
- 
O.S 
V 


CS 
OE 
WE 
Mode 
Vee Current 
I/O Pin 
Ref. Cycle 


H 
H or L 
H or L 
Not Selected 
ISB' ISB1 
HighZ 
- 


L 
H 
H 
Output Disabled 
lee, lee I 
HighZ 
- 


L 
L 
H 
Read 
lee,leel 
Data Out 
Read Cycle (I) (2) (3) 


L 
H 
L 
lee, lee I 
Data In 
Write Cycle (I) (2) (3) (4) 
Write 
L 
L 
L 
lee,leCi 
Data In 
Write Cycle (5) (6) 


Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Input Leakage Current 
IILlI 
Vee = 5.5V, VIN = Vss to Vee 
- 
- 
2 
p.A 


Output Leakage Current 
IILOI 
CS = VIH or OE = VIH, WE = V1L 
- 
- 
10 
p.A 
VIla = Vss to Vee 


Operating 
Power Supply Current 
lee 
CS = VIL, II/a, = OmA 
- 
- 
100 
mA 


Average Operating 
Current 
leCi 
Min. Cycle, Duty: 
100%, II/a = OmA 
- 
- 
120 
mA 


ISB 
CS = VIH 
- 
- 
30 
mA 


Standby Power Supply Current 
ISB1 
CS ~ Vee - 0.2V 
10 
mA 
VIN :s 0.2V or VIN ~ Vee - 0.2V 
- 
- 


Output Low Voltage 
VOL 
10L = SmA 
- 
- 
0.4 
V 


Output High Voltage 
VOH 
10H =--4mA 
2.4 
- 
- 
V 


• 
AC TEST CONDITIONS 


• Input Pulse Levels: Vss to 3.0V 
• Input and Output Reference 
Levels: 1.5V 
± 200m V from steady level (Output Load B) 


+5V 


Dou~4800 


2550 Lj30 
pF < 


• Input Rise and Fall Time: 4ns 
• Output Load: See Figure 


Output 
Load A 


'Including 
scope and jig capacilance. 


+5V 


DOU~ 
4800 


2550 Lj5 
pF< 


Output 
Load B 


(for tCHZ' tCLZ• 10HZ. IoLz. 
twz & low) 
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• 
TIMING WAVEFORM 


• Read Cycle (1) (1) 


CS 


tACS 


tCLl 


Data Out 
High Impedance 
Data Valid 


• Read Cycle (2) (1)(2)(3) 


tRC 


Address 


tM 
tOH 


tOH 


Data Out 
Previous Data Valid 
Data Valid 


• Read Cycle (3) (1) (3) (4) 


CS 


tRC 


tACS 
tCHl 


tCLl 


Data Out 
Data Valid 
High Impedance 


NOTES: 
I. WE = VIH 


2. CS = VIL 
3. OE = VIL 


4. Address 
valid prior to or coincident 
with CS transition 
low. 
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Item 
Symbol 
Test Conditions 
Min. 
Typ. 
Max. 
Unit 


Input Capacitance 
C1N 
V1N = OV 
- 
- 
6 
pF 


Input/Output 
Capacitance 
CliO 
Vila = OV 
- 
- 
10 
pF 


• 
AC CHARACTERISTICS 
(Vcc = 5V ± 10%, Ta = O°C to 70°C, 
unless otherwise 
noted.) 


• Read Cycle 


HM6789HA-12 
HM6789HA-15 
HM6789HA-20 
Item 
Symbol 
Unit 
Notes 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read Cycle Time 
tRC 
12 
- 
15 
- 
20 
- 
ns 
- 


Address Access Time 
tAA 
- 
12 
- 
15 
- 
20 
ns 
- 


Chip Select Access Time 
tACS 
- 
12 
- 
15 
- 
20 
ns 
- 


Chip Selection to Output in Low Z 
teLZ 
3 
- 
5 
- 
5 
- 
ns 
1,2 


Output Enable to Output Valid 
IoE 
0 
6 
0 
7 
0 
8 
ns 
I 


Output Enable to Output in Low Z 
IoLz 
2 
- 
2 
- 
2 
- 
ns 
1,2 


Chip Deselection 
to Output in High Z 
tCHZ 
0 
6 
0 
6 
0 
8 
ns 
1,2 


Output Hold from Address Change 
tOH 
4 
- 
4 
- 
4 
- 
ns 
- 


HM6789HA-12 
HM6789HA-15 
HM6789HA-20 
Item 
Symbol 
Unit 
Notes 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Cycle Time 
twc 
12 
- 
15 
- 
20 
- 
ns 
- 


Chip Selection to End of Write 
tew 
8 
- 
10 
- 
15 
- 
ns 
- 


Address Setup Time 
tAS 
0 
- 
0 
- 
0 
- 
ns 
- 


Address Valid to End of Write 
tAw 
8 
- 
10 
- 
15 
- 
ns 
- 


Write Pulse Width 
twP 
8 
- 
10 
- 
15 
- 
ns 
- 


Write Recovery Time 
tWR 
0 
- 
0 
- 
0 
- 
ns 
- 


Write to Output in High Z 
tWHZ 
0 
6 
0 
6 
0 
8 
ns 
1,2 


Data Valid to End of Write 
tDW 
6 
- 
7 
- 
10 
- 
ns 
- 


Data Hold Time 
tDH 
0 
- 
0 
- 
0 
- 
ns 
- 


Output Disable to Output in High Z 
10Hz 
I 
6 
I 
6 
I 
8 
ns 
1,2 


Output Active from End of Write 
low 
3 
- 
3 
- 
3 
- 
ns 
1,2 


NOTES: 
1. Transition 
is measured 
±200mV 
from steady state voltage with Load B. 


2. This parameter 
is sampled 
and not 100% tested. 
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HM6789HA 
Series ------------------------------ 


• Write Cycle (3) 
(OE = Clocked, WE Controlled) 


~~ 


High Impedance 
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(2) 


High Impedance 
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NOTES: 
1. A write occurs during the overlap 
(twp) of a low CS and a low WE. 


2. During 
this period, 
I/O pins are in the output Slate so that the input signals of opposite 
phase to the outputs 
must not 


be applied. 


3. Do"' is the same phase of write data of this write cycle. 


4. If the CS low transition 
occurs after the WE low transition, 
output remain 
in a high impedance 
slate. 


5. If CS is low during 
this period, 
110 pins are in the output Slate. Then, 
the data input signals of opposite 
phase to the 
outputs 
must not be applied 
to them. 


6. If CS low transition 
occurs simullaneously 
with the OE high transition 
or after the OE transition, 
output 
remain 
in 
high impedance 
slate. 
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HM6287 Series 


• 
FEATURES 
• 
High Speed: Fast Access Time 45/55170ns 
(max.) 


• 
Single 5V Supply 
and High Density 22 Pin Package 


• 
Low Power Standby 
and Low Power Operation 


Standby: 
100~W (typ.)/10~W 
(typ.) 
(L-version) 


Operation: 
300mW (typ.) 
• 
Completely 
Static Memory 


No Clock or Timing 
Strobe 
Required 


• 
Equal Access and Cycle Times 
• 
Directly 
TTL Compatible: 
All Inputs and Output 
• 
Capability 
of Battery 
Back Up Operation 
(L-version) 


Type No. 
Access Time 
Package 


HM6287P-45 
45ns 


HM6287P-55 
55ns 


HM6287P-70 
70ns 
300 mil 22 pin 


HM6287LP-45 
45ns 
Plastic DIP 


HM6287LP-55 
55ns 


HM6287LP-70 
70ns 


• BLOCK DIAGRAM 


A. 


A, 


A" 


R •• 


A" 


A" 


A" 


A" 


D•• 


IT 


wr 
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CS 
WE 
Mode 
Vee Current 
Dout Pin 
Ref. Cycle 


H 
X 
Not Selected 
ISB,!SBI 
High Z 
- 


L 
H 
Read 
Ice 
Dout 
Read Cycle 


L 
L 
Write 
Ice 
High Z 
Write Cycle 


Item 
Symbol 
Rating 
Unit 


Voltage on Any Pin Relative to VSS 
VT 
-0.5.1 
to +7.0 
V 


Power Dissipation 
PT 
1.0 
W 


Operating Temperature 
Topr 
o to +70 
·C 


Storage Temperature 
T.t• 
-55 to +125 
·C 


Temperature 
Under Bias 
TbiM 
-10 to +85 
·C 


Item 
Symbol 
min 
typ 
max 
Unit 


Vee 
4.5 
5.0 
5.5 
V 


Supply Voltage 
VSS 
0 
0 
0 
V 


VIH 
2.2 
- 
6.0 
V 


Input Voltage 
VlL 
-0.5.1 
0.8 
V 
- 


Note) *1. 
-3.0V for pulse width;:; 20ns 


• 
DC AND OPERATING CHARACTERISTICS 
(Vee = SV ± 10%, Vss = OV, Ta = 0 to +70°C) 


Item 
Symbol 
Test Conditions 
min 
typ ·1 max 
Unit 


Input Leakage Current 
ilL/I 
Vee; 
5.5V, Vin - Vssto 
Vee 
- 
- 
2.0 
"A 


Output Leakage Current 
1!L01 
CS; 
VIH, Vout; 
Vssto 
Vee 
- 
- 
2.0 
"A 


Operating Power Supply Current 
Ice 
CS ; VIL, lout; 
OmA, min. cycle 
- 
60 
100 
mA 


ISB 
CS ; VIH, min. cycle 
- 
10 
30 
mA 


Standby Power Supply Current 
CS~ 
VCc-O.2V, 
- 
0.02 
2.0 
mA 


ISBl 
OV ~ Vin ~ 0.2V or Vee - 0.2V ~ Vin 
- 
2.2 
100.2 
"A 


VOL 
10L; 
8mA 
- 
- 
0.4 
V 
Output Voltage 


VOH 
10H- 
-4.0mA 
2.4 
- 
- 
V 


Notes).\. 
Typical limits are at Vee; 
S.OV, Ta ; 2S·C and specified loading. 
-2. 
This characteristics 
is guaranteed only for L-version. 


Item 
Symbol 
Test Conditions 
min 
typ 
max 
Uilit 


Inpu t Capacitance 
Cin 
V'n; 
OV 
- 
- 
5 
pF 


Output Capacitance 
Cout 
Vout; 
OV 
- 
- 
7.5 
pF 


@HITACHI 


158 
Hitachi America, Ltd.· 
Hitachi Plaza· 2000 Sierra Point Pkwy.• Brisbane,CA 94005-1819. 
(415) 589-8300 


• 
AC CHARACTERISTICS (Vcc = 5V ±10%, Ta = 0 to +70°C, unless otherwise noted) 


• 
AC TEST CONDITIONS 
Input Pulse Levels: Vss to 3.QV 
Input Rise and Fall Times: 5ns 
Input and Output Timing Reference Levels: 1.5V 
Output Load: See Figure 


sv:q 


'SOJl 


Ooul 


255D 
SpF- 


HM628745 
HM6287-55 
HM6287-70 
Item 
Symbol 
min 
min 
min 
Unit 
Notes 
max 
max 
max 
Read Cycle Time 
tRC 
45 
- 
55 
- 
70 
- 
ns 
1 


Address Access Time 
tAA 
- 
45 
- 
55 
- 
70 
ns 


Chip Select Access Time 
tACS 
- 
45 
- 
55 
- 
70 
ns 


Output Hold from Address Change 
tOH 
5 
- 
5 
- 
5 
- 
ns 
Chip Selection to Output in Low Z 
tLZ 
5 
- 
5 
- 
5 
- 
ns 
2,3,7 


Chip Deselection to Output in High Z 
tHZ 
0 
30 
0 
30 
0 
30 
ns 
2,3,7 


Chip Selection to Power Up Time 
tpu 
0 
- 
0 
- 
0 
- 
ns 
7 


Chip Deselection to Power Down Time 
tPD 
- 
40 
- 
40 
- 
40 
ns 
7 


=t===-,,,,, 
_'H" -f-,,,,, 


High Imp~danc~ 


Vcc 
supply 
~~c_ - - - - -/~"-l----------------- 


current 
50"" 


ISH 
I. 
All Read Cycle timings are referenced from last valid address to the first transitioning address. 
2. At any given temperature 
and voltage condition, 
tHZ max. is less than tLZ min. both for a given device 


and from device to device. 


3. Transition is measured .500 mY from steady state voltage with specified loading in Load B. 
4. WE is high for READ Cycle. 
5. Device is continuously 
selected, while CS = VlL. 


6. Address valid prior to or coincident with CS transition low. 
7. This parameter is sampled and not 100% tested. 
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HM6287-45 
HM6287-55 
HM6287-70 
Notes 
Item 
Symbol 
Unit 
min 
max 
min 
max 
min 
max 
Write Cycle Time 
twe 
45 
- 
55 
- 
70 
- 
ns 
2 


Chip Selection to End of Write 
tew 
40 
- 
50 
- 
55 
- 
ns 
Address Valid to End of Write 
tAW 
40 
- 
50 
- 
55 
- 
ns 


Address Setup Time 
tAS 
0 
- 
0 
- 
0 
- 
ns 


Write Pulse Width 
twp 
25 
- 
35 
- 
40 
- 
ns 
Write Recovery Time 
tWR 
0 
- 
0 
- 
0 
- 
ns 


Data Valid to End of Write 
tDW 
25 
- 
25 
- 
30 
- 
ns 


Data Hold Time 
tDH 
0 
- 
0 
- 
0 
- 
ns 


Write Enabled to Output in High Z 
twz 
0 
25 
0 
25 
0 
30 
ns 
3,4 


Output Active from End of Write 
tow 
0 
- 
0 
- 
0 
- 
ns 
3,4 


Address ={;=t..,=--=--'"-" --J-- 


-'''':::::::1 
_____ 
( 
Data Undefined) 
Hitch 
Impedance 


Notes) 
1. If CS goes high Simultaneously 
with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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• 
LOW Vcc 
DATA RETENTION 
CHARACTERISTICS 
(Ta = 0 to +70°C) 


This characteristics is guaranteed only for L-version. 


Parameter 
Symbol 
Test Condition 
min. 
typo 
max. 
Unit 


VCC for Data Retention 
VDR 
CS ~ Vftc- ON. 
2.0 
- 
- 
V 


Data Retention Current 
ICCDR 
V-if-~ 
cc-O. 
or 
1 
50.2 
p.A 
o 
~Vin 
5; 0.2V 
- 
Chip Deselect to Data Retention Time 
ICDR 
See retention wave- 
0 
- 
- 
ns 


Opera tion Recovery Time 
IR 
form 
IRC I 
- 
- 
ns 
Note)·1. 
IRC = Read Cycle Time 
·2. 
VCC= 3.0V 


• 
LOW 
VCC 
DATA 
RETENTION 
WAVEFORM 


1.4 


] 
1.2 
... 
~~ 
1.0 
j 
] 
0.8 


-"~ 
0.6 
'" 


0.4 
0 
20 
40 
60 
80 


J 


1.2 


j 
1.0 


~ 
0.8 
<3 
1 0.6 


0.4 
4.5 
4.7S 
5.0 
5.25 
5.5 
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] 
ij! 
~ 
- 
~ 
0.9 


~ 
0.8 
« 


0.7 
0 
20 
.0 
60 
80 


] 
ij 
~~ 
~j 


§ 
0.9 
... 
~ 
« 
0.8 


0.7 
•. 5 
4.75 


~ 
8 
10-1 


1 


Supply 
Voltage 
Vcc 
(V) 


SUPPLY 
CURRENT 
lIS. 


FREQUENCY 


T(ns) 


1.1 
200 
100 
66 
50 
.0 
10 


1 


1.0 
1 


0.9 
~ 
~ 
~ 


11 
j 
I 


0.8 
j 
u 
1 


0.7 
1 
'" 
'" 
0.6 


0.50 
10 
15 
20 
25 


Frequency 
f 
(MHz) 


Ta=2S'C 


Vcc=5.0V 
CS~ •.8V 


\ 
\ 
'" 
••......... 
J 
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HM6287 
Series 


INPUT 
LOW VOLTAGE 
vs. 
INPUT 
HIGH 
VOLTAGE 
vs. • 


SUPPLY VOLTAGE 
SUPPLY VOLTAGE 


1.3 
1.3 


T«=2S'C 
Ta=2S'C 


1.2 


1 


1.2 


1i 
1 
l.l 
l.l 
~ 
~ 


,; 
~ 


1 


1.0 


1 


1.0 


• 
0.9 
j 
0.9 
j 
'" 
1 
0.8 
I 
0.8 


0.7 
0.7 


4.5 
4.75 
5.0 
5.25 
5.5 
4.5 
4.15 
5.0 
5.25 
5.5 


Supply Voltaee 
Vcc (V) 
Supply Voltqe 
Vcc (V) 


OUTPUT 
HIGH 
CURRENT 
vs. 
OUTPUT 
LOW CURRENT •. 
OUTPUT 
HIGH 
VOLTAGE 
OUTPUT 
LOW VOLTAGE 


3.0 
1.6 


T.=25·C 
Vcc=5V 


j 


2.5 


1 


1.4 


I 
2.0 
1.2 
~ 


J 
~ 


j 


1.5 
j 


1.0 


T.=25·C 


• 
Vcc=5V 
j 
1.0 
j 
0.8 


'" 
! 
J 
0.5 
0.6 


0 
0.4 


1 
0 
0.2 
0.4 
0.6 
0.8 


Output 
Hich 
Voltage 
VON 
(V) 
Output 
Low 
Voltage 
VOL 
(V) 
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HM6287H Series 


The Hitachi HM6287H 
is a high speed 64K static RAM organized 
as 64-kword x 1-bit. It realizes high speed access time (25/35 ns) and 


low power consumption, 
employing 
CMOS process technology 
and 


high speed circuit designing technology. 
It is most advantageous 
for 


the field where 
high speed and high density 
memory 
is required, 


such 
as the cache 
memory 
for main frame 
or 32-bit 
MPU. The 
HM6287H 
packaged 
in a 300-mil plastic DIP and SOJ, is available 


for high density 
mounting. 


Low power version retains the data with battery back up. 


Features 
Single 5 V supply and high density 22-pin DIP and 24-pin SOJ 


High speed: 
Fast access time 25/35 ns (max) 


Low power 
Operation: 
300 mW (typ) 


Standby: 
100 ',LW(typ) 
Completely 
static memory 


No clock or timing strobe required 
Equal access and cycle times 
Directly TIL compatible: 
All inputs and outputs 


Pin Arrangement 


HM6287HP 
Series 


AD 
Vcc 


Al 
A1S 
A2 
A14 
A3 
A13 
A4 
A12 
AS 
All 
A6 
Ala 
A7 
A9 
Daul 
A8 
WE 
Din 
vss 
~ 


Ordering Information 


Type No. 


HM6287HP-25 
HM6287HP-35 
HM6287HLP-25 


HM6287HLP-35 
HM6287HJP-25 


HM6287HJP-35 


HM6287HUP-25 
HM6287HUP-35 


Access Time 


25 ns 


35 ns 
25 ns 
35 ns 


25 ns 


35 ns 
25 ns 
35 ns 


AO 
Al 
A2 
A3 
A4 
AS 
NC 
A6 
A7 
Dout 
WE 


Vss 


Package 
300-mil 


22-pin 
plastic DIP 
(DP-22NB) 


300-mil 
24-pin SOl 
(CP-24D) 


(DP-22NB) 


HM6287HJP 
Series 


Pin Description 


Pin Name 
.Function 


AO - A15 
Address 
Din 
Input 


Dout 
Output 


CS 
Chip select 
WE 
Write enable 
Vcc 
Power supply 


Vss 
Ground 
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Memory 
Array 


128X512 


Function Table 


CS 
WE 
Mode 
VeeCurrent 
DOllI Pin 
Ref. Cycle 


H 
x 
Standby 
ISB,ISB! 
High-Z 
L 
H 
Read 
Ice 
DOl.lt 
Read cycle I, 2 
L 
L 
Write 
Ice 
High-Z 
Write cycle I, 2 


Note: 
x: H orL 


Absolute Maximum Ratings 


Item 


Voltage on any pin relative to Vss 
Power dissipation 
Operating 
temperature 


Storage temperature 
Storage temperature 
under bias 
Note: 
"I. 
VT min = -2.0 
V for pulse width :S 10 os 


Symbol 
VT 
PT 


Topr 
Tstg 
Tbias 


Value 


-0.5.1 
to +7.0 
1.0 
o to +70 


-55 to +125 
-10 to +85 


Unit 


V 
W 
°C 
°C 
°C 


Recommended 
DC Operating Conditions (Ta = 0 to + 70°C) 


Item 
Symbol 
Min 


Vee 
4.5 


Vss 
0 
Input high (logic I) voltage 
VtH 
2.2 
Input low (logic 0) voltage 
VIL 
-O.5.! 


Note: 
"I. VIL min = -2.0 
V for pulse width :S 10 os 


Typ 
Max 
Unit 
5.0 
5.5 
V 


0 
0 
V 


6.0 
V 


0.8 
V 
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DC Characteristics ( Ta = 0 to +70°C, vcc = 5 V ± 10%, vss = 0 v ) 


Item 
Symbol 
Min 
Typ·t 
Max 
Unit 


Input leakage current 
IILl I 
2.0 
~A 


30 
mA 
2.0 
mA 


Notes: 
01. Typical 
limits arc at Vcc = 5.0 V. Ta = 25°C and specified 
loading. 
·2. 
This characteristics 
is guaranteed only for L~vcr~lOn. 


Capacitance ( Ta = 25°C, f = 1.0 MHz )'1 
"'--1teffi---SymbOl"--' 
--Mm 


Input capacitance 
Cin 


Output capacitance 
Cout 
.'--------_.- 


Note: 
01. This parameter 
is <ampled and not 100% tesled. 


M.i·x------ Unii' 


6 
pF 
8 
pF 
Vin = 0 V 


VOlll =OV~----· 


AC Characteristics ( Ta = 0 to +70°C, Vcc = 5 v ± 10%, unless otherwise noted. ) 
Test Conditions 
• 
Input pulse levels: 
Vss to 3.0V 


Input rise and fall times: 5 ns 
• 
Input and Output timing reference 
levels: 
1.5 V 
• 
Output load: See figures 


~ 


"OQ 


00" 


2~!lg 
JOllr. 
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Notes: 
01. Transition 
is measured 
±200 mV from steady slate voltage 
with Load (B). This parameter 
is sampled 
and not 100 % tested. 


°2. 
WE is high for read cycle. 


°3. 
Device 
is continuously 
selected, 
CS = VII.. 


°4. 
Address 
valid prior to or coincident 
with CS transition 
low. 
°S. All read cycle timing are referenced 
from last valid address 
to the firsttransitioning 
address. 
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HM6287H 
Series 


Write Cycle 


Item 
HM6287H-25 
HM6287H-35 
Symbol 
Min 
Max 
Min 
Max 
Unit 


Write cycle time 
twe 
25 
35 
ns 
Chip selection to end of write 
tcw 
20 
30 
ns 
Address valid to end of write 
tAw 
20 
30 
ns 
Address setup time 
tAs 
0 
0 
ns 
Write pulse width 
twp 
20 
30 
ns 
Write recovery time 
twR 
0 
0 
ns 
Data valid to end of write 
tDw 
15 
20 
ns 
Data hold time 
tDH 
0 
0 
ns 
Write enabled to output in high-Z 
twz·t 
0 
8 
0 
10 
ns 
Output active from end of write 
tow·} 
5 
5 
ns 
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Notes: 
.\. 
Transition 
is measured 
±200 mV from steady state voltage 
with Load (B). This parameter 
is sampled 
and not 100% tested. 


·2. 
A write occurs during the overlap 
of a low CS and a low WE. (tWP) 


·3. 
t•••• is measured 
from the earlier 
of CS or WE going high to the end of write cycle. 


·4. 
If the CS low transition 
occurs simultaneously 
with the WE low transition 
or after the WE transition, 
the output buffers remain 


in a high impedance 
state. 


·5. 
Dout is the same phase of write data of this write cycle, if t••••is long enough. 


Low Vcc Data Retention Characteristics 
( Ta = 0 to +70°C) 


(This specification 
is guaranteed 
only for L-version.) 


Item 
Symbol 
Min 
Typ 
Vcr. for data retention 
VOR 
2.0 


Data retention current 
IcCDR 


Max 
Unit 
Test Condition 
V 
cr~Vcc-0.2V 
50"2 
llA 
Vin ~ Vcc- 
0.2 Vor 


35"3 
o V ~ Vin ~ 0.2 V 


ns 
See retention waveform 
ns 


Chip deselect to data retention time 
tCOR 
0 


Operation 
recovery 
time 
IR 
IRc"' 


Notes: 
.\. 
lac = Read cycle time 


·2. Vcr. = 3.0 V 
·3. Vcc = 2.0 V 


YD' 
CS;;:VD.-O.2V 
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1.6 


:0- 
~ 
1.4 
:.; 


E 
1.2 
0bu~ 
1.0 
;: 
"~ 0.8 
U>.8: 0.6 
" 
CIl 


1.3 


:0- 
To=25'1: 
.~ 1.2 
0; 
E 
0 
1.1 
b 
tlj 
1.0 
< 
j 
" 0.9 
-- 
-_.- 
e 
1= 
'" 
0.8 
'"8 
u« 


S~ 
0; 
1.6 
Eob 
1.4 


tl 
.::: 
< 
;5 


0) 
E 
1= 
'"8 0.8 
u« 


475 
50 
5.25 


Supply Voltage Vcc (V) 


I 
L 
"".~ 
1.0 
0; 
Eo 
0.9 
b 
J1 
0.8 


"~5 
0.7 
U 
>. 
8: 06 
" 
CIl 


.~ 
- 
1.2 
--! 


<j 
E 
0.9 


1= 
'"8 
08 


~ =~t-.T 


07 t 
._L 


a 
20 
40 
60 


Ambient Temperature 
Ta (OC) 


Vcc=5.0V 


r--- 


------I-- 


~O 
W 
W 
~ 
W 


Ambient Temperature 
Ta (OC) 


50 
100 
150 


Load Capacitance O. (pF) 


Supply 
Current 
V5. Frequency 


100 
50 
33 
25 
20 T (ns) 


20 
30 
40 


Frequency 
f (MHz) 
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Input 
low 
Vollage 
va. Supply 
Vollage 


1.3 


HM6287H 
series 


Input High Vollage 
VI. Supply 
Vollage 


:0- 
1.3 


.~ 
Ta=Z5'C 


•• 
l.Z 
E 
~ 
1.1 
;;> 
" 
1.0 
01) 
!J 
"0> 
0.9 
..c 
.e.c 
:I::; 
0.8 
Q. 
..s 


0.1 
5.0 
5.Z5 
5.5 
4.5 
4.15 


Supply 
Voltage 
Vcc (V) 


]: 
•• 
l.Z 


tz§. 
_ 
1.1 


d>" 
1.0 
~ 


~ 
0.9 
~j_ 
0.8 
k 
0.1 
4.5 
4.15 
5.0 
5.Z5 
~.5 


Supply 
Voltage 
Vcc (V) 


Ta=Z5'C 
Vcc=5V 


1\\\ 


\ 


~ 
1.6 
] 


~ 
1.4 
?. 
_ 
l.Z 


1.6 
] 


:.; 
1.4 


J. 
_ 
l.Z 


~!1.0 


U 
0.8 
..c 
.e.c 
:I: 
:; 
0.6 
g. 


c:5 
0.4 
1 


.s 
c 
1.0 
~ 
U~ 
0.8 
j 


:; 
0.6 
g. 
::s 
o 
04. 
0 
O.Z 
0.4 
0.6 
0.8 


Output 
Low Voltage 
VOL (V) 


Z 
3 


Output 
High 
Voltage 
VO" (V) 


Standby 
Current 
va. Ambient 
Temperature 
Standby 
Current 
va. Supply 
Vollage 


10 
1.4 


:0- 
Vcc=3V 
:0- 


.~ 


CS=Z.8V 
.~ l.Z 


•• 
•• 
E 
E 
1.0 


~ 


0 
~ 


~ 
~ 
0.8 
- 


1.0 


C 


~ 
~ 
0.6 


0.5 
::s 
::s 
U 
0.4 
U 
,g 
,g 
, 
Ta=Z5'C 
B 
B 
O.Z 
CS=Vcc -O.ZV 


V) 


V) 
0.1 
0 
ZO 
40 
60 
80 
°z 
3 
5 
6 


Ambient 
Temperature 
Ta (OC) 
Supply 
Voltage 
Vcc (V) 


.J 
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Ta=25'C 


Vee =5.0V 
CS=4.8V 


2 
3 
4 
5 


Input Voltage 
Vin 
(V) 
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HM6787 Series 


• 
FEATURES 
• 
Super Fast Access Time: 25ns/30ns 
(max.) 


• 
Low Power Dissipation 
(DC): 


Operating 
180mW (typ) 


• 
High Driving 
Capability: 
IOL 16mA 


• 
+5V Single Supply 
• 
Completely 
Static Memory 
No Clock or Timing 
Strobe Required 


• 
Balanced Read and Write Cycle Time 


• 
Fully 
TTL Compatible 
Input and Output 


• 
Skinny 
22·pin Plastic Dip (300 mil) and 22-pin Chip Carrier 


Type No. 


HM6787P-2S 
HM6787P-30 


Access Time 


2Sns 
30ns 


Package 


300 mil 22 pin 
Plastic DIP 


Al2o-- 


A13 


Al4 


A9 


Ala 


All 
c>- 


A1S 


-<l Vec 


--() 
Vss 


Item 
Symbol 
Rating 
Unit 


Terminal Voltage to VSS Pin 
VT 
-0.5 to +7.0 
V 


Power Dissipation 
PT 
1.0 
W 


Operatins Temperature 
Range 
Top, 
o to +70 
·c 


Storage Temperature 
Range 
Tstg 
-55 to +125 
C 


• 
PIN ARRANGEMENT 
• 
HM6787P 
Series 
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Mode 
Not Selected 
R.ad 
Write 


VCCCurrent 


fS •• 
fs .• ~ 


FCC 


FCC 


Output 
Pin 
High Z 


Dout 


Hlah 
Z 


Item 
Symbol 
min. 
typo 
max. 
Unit 


VCC 
...• 
'.0 
5.' 
V 
Supply Volta.e 
VSS 
0 
0 
0 
V 
Input 
High Volta.e 
V", 
2.2 
6.0 
V 
Input 
Lo•.••.• 
Voltaae 
V1L 
-0.5·' 
0.8 
V 


Item 
Symbol 
Teat Conditions 
min. 
typo 
max. 
Unit 
Inpu' 
Leakaa_ Current 
IfLI' 
VCC-S.SV• 
V1N- 
VSS to Vcc 
2 
..A 


Output 
Leakag_ Current 
IILOI 
C'S- V1H. 
Vour- 
Vssto 
VCC 
2 
••A 


Opera Una Po•.••.• 
er Supply Current 
Fcc 
cs- 
V1L• 
Jou~rnA 
100 
mA 


F 
B 
C'S- V1H 
4U 
mA 


Standby Po•.••.• 
er Supply 
urrent 
CS.:, 
Vcc 
O.2V 
fSBI 
vIN:itO.2Vor 
V1N tl:.Vcc 
_O.2V 
- 
- 
20 
mA 


Output 
La •.••.• 
Voltage 
VOL 
'OL 
- 16mA 
0.' 
V 


Output 
Hlah Voltaae 
VO~ 
foH--"rnA 
2." 
V 


AC 
TEST 
CONDITIONS 
Output 
Load 
A 
Outpu, 
Load 
a 
Input 
pula. levela: 
Vss 
to 3.0V 
(ror 
'"Z. 
II., 
,_:It 
& 
'0-) 


Input 
rl •• and "all tlmea: 4na 
~ 
+sv 
Input 
timing 
r."ference levela: 1.6V 
~ 
~:::::::;::::-~~:';~ge~~: 
1 .6V 
4800 
480 g 


0. •• 
0. •• 


2550 
3OpF'. 
2550 
5pF'* 


Item 
Symbol 
max 
Unit 
Conditions 


Input Capacitance 
CIN 
5.0 
pF 
VIN= OV 


Output Capacitance 
COUT 
7.0 
pF 
VOUT=OV 


• 
AC CHARACTERISTICS 
(Vcc = SV±10%, Ta = O°C to 70°C, unless otherwise noted.) 


• 
READ 
CYCLE 


HM6787-25 
HM6787-30 
Notes 
Item 
Symbol 
Unit 


min 
max 
min 
max 


Read Cycle Time 
tRC 
25 
- 
30 
- 
ns 


Address Access Time 
tM 
- 
25 
- 
30 
ns 


Chip Select Access Time 
tACS 
- 
25 
- 
30 
ns 


Output Hold from Address Change 
tOH 
5 
- 
5 
- 
ns 


Chip Selection to Output in Low Z 
tLZ 
5 
- 
5 
- 
ns 
1,2 


Chip Deselection to Output in High Z 
tHZ 
0 
15 
0 
15 
ns 
1,2 


Chip Selection to Power Up Time 
tpu 
0 
- 
0 
- 
ns 
2 


Chip Deselection to Power Down Time 
tPD 
- 
25 
- 
30 
ns 
2 


Input Voltage Rise/Fall Time 
tT 
- 
150 
- 
150 
ns 
3 


Notes) 
1. Transition is measured ±200m V from steady state voltage with specified loading in Load B. 
2. This parameter is sampled and not 100% tested. 
3. If tT becomes more than 150ns, there is possibility of function fail. 


Please contact your nearest Hitachi's Sale Dept. regarding specification. 


HM6787-25 
HM6787-30 
Item 
Symbol 
Unit 
Notes 
min. 
max. 
min. 
max. 


Write Cycle Time 
twc 
25 
- 
30 
- 
ns 
2 
Chip Selection to End of Write 
tcw 
20 
- 
25 
- 
ns 
Address Valid to End of Write 
tAW 
20 
- 
25 
- 
ns 
Address Setup Time 
tAS 
0 
- 
0 
- 
ns 
Write Pulse Width 
twp 
20 
- 
25 
- 
ns 
Write Recovery Time 
tWR 
5 
- 
5 
- 
ns 
Data Valid to End of Write 
tDW 
20 
- 
25 
- 
ns 
Data Hold Time 
tDH 
0 
- 
0 
- 
ns 
Write Enable to Output in High Z 
twz 
0 
15 
0 
15 
ns 
3,4 
Output Active from End of Write 
tow 
0 
- 
0 
- 
ns 
3,4 


Note: 
1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transltioning address. 
3. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested . 
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Note: 1. WE is high and CS is low for READ cycle. 


2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured ±200mV 
from steady state voltage with specified loading in Load B. 


~HITACHI 


176 
Hitachi America, Ltd .• 
Hitachi Plaza. 
2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589.8300 


oHITACHI 


Hitachi America. Ltd.• 
Hitachi Plaza. 2000 Sierra Point Pkwy.• 
Brisbane. CA 94005-1819 • (415)589-8300 
1n 


HM6787H Series------- 


Features 
• 
Super Fast Access Time: 15ns/20ns (max.) 
• 
Low Power Dissipation (DC): 
Operating 
210mW (typ) 
• 
+5V Single Supply 
• 
Completely Static Memory 
No Clock or Timing Strobe Required 


• 
Balanced Read and Write Cycle Time 


• 
Fully TTL Compatible Input and Output 


Package 


300 mil 22 pin 
Plastic 
DIP 


300 mil 24 pin 


Plastic 
SOl 


Type 
No. 


HM6787HP-15 
HM6787HP-20 


HM6787HlP-15 
HM67117HlP-20 


I5ns 
20ns 


15ns 
20ns 


Pin Arrangement 


HM6787HP 
Series 


Vcc 
--<> 
--<> 
Vss 


HM6787HlP 
Series 


AD 
Vcc 


Al 
A1S 


A2 
Al4 


A3 
A13 


A4 
A12 


AS 
NC 


NC 
All 


A6 
A10 


A7 
A9 
Doul 
A8 


WE 
Din 


Vss 
CS 


Note) 
The specifica 
lions 
of this device 


are subject 
to change 
without 
notice. 
Please 
contact 
Hitachi's 
Sales 


Dept. 
regarding 
specifications. 
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Absolute Maximum Ratings 


Item 


Terminal Voltage to VSS Pin 
Power Dissipation 
Operating Temperature 
Range 
Storage Temperature 
Range 


Temperature 
under Bias 


Symbol 


VT 
PT 
Topr 


Tstg 


Tbia. 


Rating 


-0.5 to +7.0 
1.0 
o to +70 
-55 to +125 


-10 to +85 


Unit 


V 


W 
·C 
·C 
·C 


Mode 


Not Selected 


Read 


Write 


Vcc Current 


ISB.lsBI 


Icc,lCCI 


Icc,ICCI 


Output Pin 


High Z 


Dout 


High Z 


Item 
Symbol 
min. 
typo 
max. 
Unit 


Vcc 
4.5 
5.0 
5.5 
V 
Supply Voltage 


VSS 
0 
0 
0 
V 


Input High Voltage 
V1H 
2.2 
6.0 
V 


Input Low Voltage 
V/L 
-0.5"1 
0.8 
V 


Note) "I. 
-3.0V for pulse width;:; 
IOns. 


DC and Operating Characteristics 
(Vcc = 5V±10%, Ta =O°C to +70°C) 


Item 
Symbol 
min. 
typo 
max. 
Unit 
Test Conditions 


Input Leakage Current 
IILl I 
2 
/loA 
Vcc=5.5V. 
V/N=Vssto 
VCC 


Output Leakage Current 
Ihol 
10 
/loA 
CS= V/H. VOUT= Vssto 
VCC 


Operating Power Supply Current 
Icc 
100 
mA 
CS= V/L. IOUT=OmA 


Average Operating Current 
ICC1 
120 
mA 
Min. Cycle. Duty: 100% 
IoUT=OmA 


ISB 
30 
mA 
CS= V/H 


Standby Power Supply Current 


ISB1 
CS~ Vcc -0.2V 
10 
mA 
V/N~0.2Vor 
VIl'.i~Vcc 
-0.2V 


Output Low Voltage 
VOL 
0.4 
V 
IOL = 8mA 


Output High Voltage 
VOH 
2.4 
V 
IOH=-4mA 


~HITACHI 


Hitachi America, Ltd.• 
Hitachi Plaza. 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005·1819• (415)589·8300 


AC Test Conditions 


Input 
pulse 
levels: 
Vss to 3.0V 


Input 
rise and fall times: 
4ns 


Input 
timing 
reference 
levels: 
1.5V 


Output 
reference 
levels: 
1.5V 


Output 
load: 
See Figure 


Out put Load A 
+5V 


Out put Load B 


(for 
1HZ, 
ILZ. 
IWZ & 
lOW) 


+5V 


Item 


Input Capacitance 


Output Capacitance 


Symbol 


CIN 


COUT 


AC Characteristics 
(V CC = SV±lO%, To = oOe to 700e, 
unless 
otherwise 
noted.) 


Read Cycle 


HM6787H-15 
HM6787H-20 
Unit 
Item 
Symbol 
", 
min. 
max. 
min. 
max. 


Read Cycle Time 
tRC 
15 
20 
ns 


Address Access Time 
tAA 
15 
20 
ns 


Chip Select Access Time 
'ACS 
15 
20 
ns 


Output Hold from Address Change 
tOH 
3 
3 
ns 


Chip Selection to Output in Low Z 
tLZ 
3 
3 
ns 


Chip Deselection to Output in High Z 
tHZ 
0 
6 
0 
8 
ns 


Note: 
1. This parameter is sampled and 100% tested. 
2. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 


Write 
Cycle 


Item 
Symbol 
HM6787H-15 
HM6787H-20 
Unit 
min. 
max. 
min. 
max. 
Write Cycle Time 
twc 
15 
20 
ns 


Chip Selection to End of Write 
tcw 
10 
IS 
ns 
Address Valid to End of Write 
tAW 
10 
IS 
ns 


Address Setup Time 
tAS 
0 
0 
ns 
Write Pulse Width 
twp 
10 
IS 
ns 
Write Recovery Time 
'WR 
3 
3 
ns 
Data Valid to End of Write 
'DW 
12 
IS 
ns 
Data Hold Time 
'DR 
0 
0 
ns 


Write Enable to Output in Hlih Z 
'wz 
0 
6 
0 
8 
ns 
Output Active from End of Write 
'OW 
0 
0 
ns 


Note: 
1. If~ 
,oes hlih simultaneously with WE hlih, the output remains In a htah Impedance state. 
2. AUWrite Cycle tlmln,s are referenced from the last valid address to the first transltlonll1l address. 
3. Transition Is measured ±200mV from steady state voltaae with specified loadlnlln 
Load B. 
4. This parameter Is sampled and not 100% tested . 
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VIN= 
OV 


VOUT=OV 


Note: 
I. WE is hillh and CS is low for READ cycle. 
2. Addresles valid prior to or coincident with CS transition low. 
3. Transition is measured t200mV 
from steady state voltalle with specified loadiniin 
Load B. 
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HM6787HA 
SerieS-Preliminary 


65536-Word 
x 1-Bit High Speed Static RAM 


• 
FEATURES 


• Super Fast 
Access Time 
12/15/20ns (max.) 


• Low Power Dissipation 
(DC) Operating 
................•......... 
300mW (typ.) 


• +5V Single Supply 
• Completely 
Static Memory 
No Clock or Timing 
Strobe Required 


• Fully TTL Compatible 
Input and Output 


Type No. 
Access Time 
Package 


HM6787HAP-12 
12ns 
300 mil 22 pin 


HM6787HAP-15 
15ns 
Plastic DIP 


HM6787HAP-20 
20ns 
(DP-22NB) 


HM6787HAJP- 
12 
12ns 
300 mil 24 pin 


HM6787HAJP-15 
15ns 
Plastic SOl 


HM6787HAJP-20 
20ns 
(CP-24D) 


--0 vcc 
--0 
vss 


• 
PIN ARRANGEMENT 


HM6787HAP 
Series 


AO 


Al 


A2 


A3 


A4 
As 


NC 


As 


A7 


Dout 


WE 
Vss 
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(Top View) 


HM6787HAJP 
Series 


AO 
Vcc 


Al 
A1S 


A2 
A14 


A3 
A13 


A4 
A12 


As 
NC 


NC 
All 


As 
AlO 


A7 
Ag 


Dout 
As 


WE 
Din 


VSS 
CS 


(Top View) 


Item 
Symbol 
Rating 
Unit 


Voltage on Any Pin Relative to VSS 
VT 
-0.5 to +7.0 
V 


Power Dissipation 
PT 
1.0 
W 


Operating 
Temperature 
Range 
Tooe 
o to +70 
·C 


Storage Temperature 
Range 
Tst~ 
-55 to + 125 
·C 


Temperature 
Under Bias 
Tbias 
-10 to +S5 
·C 


Item 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Vee 
4.5 
5.0 
5.5 
V 


Supply Voltage 
Vss 
0.0 
0.0 
0.0 
V 


Input High Voltage 
V1H 
2.2 
- 
6.0 
V 


Input Low Voltage 
V1L 
-3.0· 
- 
O.S 
V 


CS 
WE 
Mode 
Vee Current 
Output Pin 


H 
X 
Not Selected 
19B, ISB1 
HighZ 


L 
H 
Read 
Ice, Ice I 
Data Out 


L 
L 
Write 
lee,leCI 
HighZ 


Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Input Leakage Current 
IILlI 
Vee = 5.5V, VIN = Vss to Vee 
- 
- 
2 
p.A 


Output Leakage Current 
IILaI 
CS = V1H, VOUT = Vss to Vee 
- 
- 
10 
p.A 


Operating 
Power Supply Current 
Ice 
CS = V1L, lOUT = OmA 
- 
- 
100 
mA 


Average Operating 
Current 
Ice I 
Min. Cycle Duty: 100%, lOUT = OmA 
- 
- 
120 
mA 


ISB 
CS = VIH 
- 
- 
30 
mA 


Standby Power Supply Current 


ISB1 
CS ~ Vee - 0.2V 
10 
mA 
V1N S 0.2V or V1N ~ Vee - 0.2V 
- 
- 


Output Low Voltage 
VOL 
IOL = SmA 
- 
- 
0.4 
V 


Output High Voltage 
VOH 
IOH = -4mA 
2.4 
- 
- 
V 


• 
AC TEST CONDITIONS 


• Input Pulse Levels: Vss to 3.0V 
• Input Timing Reference Levels: 1.5V 
• Output Load: See Figure 


• Input Rise and Fall Times: 4ns 
• Output Reference 
Levels: 1.5V 


+5V 


4800 


+5V 


4800 


Output 
Load A 


·Including 
scope and jig capacitance. 


Output 
Load B 
(for tHZ, tLZ. twz & low) 
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Item 
Symbol 
Max. 
Unit 
Conditions 


Input Capacitance 
CIN 
6.0 
pF 
V1N = OV 


Output Capacitance 
COUT 
10.0 
pF 
VOUT = OV 


• 
AC CHARACTERISTICS 
(Vcc 
= 5V ± 10%, Ta to O°C to 70°C, 
unless otherwise 
noted.) 


• Read Cycle 


HM6787HA-12 
HM6787HA-15 
HM6787HA-20 


Item 
Symbol 
Unit 
Notes 
, 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read Cycle Time 
tRC 
12 
- 
15 
- 
20 
- 
ns 
- 


Address Access Time 
tAA 
- 
12 
- 
IS 
- 
20 
ns 
- 


Chip Select Access Time 
tACS 
- 
12 
- 
IS 
- 
20 
ns 
- 


Output Hold from Address Change 
IoH 
4 
- 
4 
- 
4 
- 
ns 
- 


Chip Selection to Output in Low Z 
tLZ 
3 
- 
5 
- 
5 
- 
ns 
1,2 


Chip Deselection 
to Output in High Z 
tHZ 
0 
6 
0 
6 
0 
8 
ns 
1,2 


NOTES: 
I. This parameter is sampled and not 100%tested. 


2. Transition is measured ±2oomV from steady state voltage with specified loading in Load B. 


HM6787HA-12 
HM6787HA-15 
HM6787HA-20 
Item 
Symbol 
Unit 
Notes 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Cycle Time 
twc 
12 
- 
IS 
- 
20 
- 
ns 
2 


Chip Selection to End of Write 
tew 
8 
- 
10 
- 
IS 
- 
ns 
- 


Address Valid to End of Write 
tAW 
8 
- 
10 
- 
IS 
- 
ns 
- 


Address Setup Time 
tAS 
0 
- 
0 
- 
0 
- 
ns 
- 


Write Pulse Width 
twP 
8 
- 
10 
- 
IS 
- 
ns 
- 


Write Recovery Time 
tWR 
0 
- 
0 
- 
0 
- 
ns 
- 


Data Valid to End of Write 
tow 
7 
- 
8 
- 
10 
- 
ns 
- 


Data Hold Time 
tOH 
0 
- 
0 
- 
0 
- 
ns 
- 


Write Enable to Output in High Z 
twz 
0 
6 
0 
6 
0 
8 
ns 
3,4 


Output Active from End of Write 
tow 
3 
- 
3 
- 
3 
- 
ns 
3,4 


NOTES: 
1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All write cycle timings are referenced from the last valid address to the first transitioning address. 


3. Transition is measured ±2oomV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100%tested. 
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• 
TIMING WAVEFORM 


• Read Cycle (1) (1) (2) 


NOTES: 
1. WE is high and CS is low for READ cycle. 


2. Addresses 
valid prior to or coincident 
with CS transition 
low. 


3. Transition 
is measured 
±200mV 
from steady state voltage with specified 
loading 
in Load B. 
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High 
Impedence 
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HM6787HA 
Series ------------------------------ 


• Write Cycle (2) 
(CS Controlled) 


Data In Valid 
twz 


Data Undefined 
•• 
~ 
--------------- 
High Impedance 
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HM62256 Series 


32768-word 
x 8-bit High Speed CMOS Static RAM 


• 
FEATURES 
• 
High Speed: 
Fast Access 
Time 
85/100/120/150ns 
(max.) 


• 
Low Power 
Standby 
and 
Low Power 
Operation; 


Standby: 
200JJW (typ}/10JJW 
(typ) 
(L-version), 
Operation: 
40mW 
(typ.) 
(f= 
lMHz) 


• 
Single 
5V Supply 
• 
Completely 
Static 
RAM: 
No clock 
or Timing 
Strobe 
Re- 


quired 


• 
Equal 
Access 
and Cycle 
Time 
• 
Common 
Data 
Input 
and Output. 
Three-state 
Output 


• 
Directly 
TTL Compatible: 
All Input 
and Output 


• 
Capability 
of Battery 
Back Up Operation 
(L-/L-SL 
version) 


Type No. 
Access Time 
Package 


HM62256P-8 
8505 
HM62256P-IO 
lOOns 
HM62256P-12 
12005 
HM62256P-15 
15005 


HM62256LP-8 
85ns 


HM62256LP-IO 
lOOns 
600 mil 28 pin 
HM62256LP-12 
12005 
Plastic DIP 
HM62256LP-15 
15005 


HM62256LP-IOSL 
lOOns 


HM62256LP-12SL 
12005 
HM62256LP-15SL 
15005 


HM62256FP-8T 
8505 
HM62256FP-IOT 
lOOns 
HM62256FP-12T 
120ns 
HM62256FP-15T 
15005 


HM62256LFP-8T 
85ns 
HM62256LFP-IOT 
lOOns 
28 pin 
HM62256LFP-12T 
120ns 


HM62256LFP-15T 
15005 
Plastic SOP 


HM62256LFP-IOSLT 
lOOns 
HM62256LFP-12SLT 
12005 
HM62256LFP-15SLT 
15005 


Item 
Symbol 
Rating 
Unit 


Voltage on any pin with relative to VSS 
Vr 
-{l.5°t to +7,( 
V 


Power Dissipation 
Pr 
1.0 
W 


Operating Temperature 
Topr 
o to +70 
°c 


Storage Temperature 
T.1, 
-55 to +125 
°c 


Temperature 
Under Bias 
Tbio. 
-10 to +85 
°c 
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AI1 
AU 


~~] 
I 
X 


,\9 
Address 


~.~,l 
Buffer 
."" 


CS 
OE 
WE 
Mode 
Vee Current 
I{O Pin 
Reference Cycle 


H 
X 
X 
Not Selected 
ISB,lSBJ 
High Z 
- 


l 
l 
H 
Read 
lee 
Dout 
Read Cycle No. 1-3 


l 
H 
l 
Write 
lee 
Din 
Write Cycle No. I 


l 
l 
l 
Write 
lee 
Din 
Write Cycle No.2 


X means H or l 
• RECOMMENDED 
DC OPERATING 
CONDITIONS 
(To = 0 to +70°C) 


Item 
Symbol 
min. 
typo 
max. 
Unit 


Vee 
4.5 
5.0 
5.5 
V 
Supply Voltage 
VSS 
0 
0 
0 
V 


VJH 
2.2 
- 
6.0 
V 
Input Voltage 
-0.5°. 
0.8 
V 
VJL 
- 


Item 
Symbol 
Test Condition 
min 
typo. 
max 
Unit 


Input leakage Current 
IILlI 
VlN; 
Vssto 
VCC 
- 
- 
2 
jlA 


Output leakage Current 
IILol 
CS; VIH or OE; VIHor WE;VIL. VI/O; Vss to Vcc 
- 
- 
2 
/AA 


Operating Power Supply Current 
ICC 
CS; VIL. ![/O;OmA 
- 
8 
15 
mA 


HM62256-8 
- 
50 
10 
Average 


HM62256-10 
40 
10 
Operating 
Min. Cycle. duty=100%. CS;V.L. 
II/O;OmA 
- 
ICCI 
mA 
Power 
HM62256-12 
- 
35 
10 
Supply 
HM62256-15 
- 
33 
10 
Current 
ICC2 
CS;VIL. 
VI~VCC, 
VIL;OV,lI/O;OmA/;IMHZ 
- 
8 
15 
mA 


ISB 
"CS;VIH 
- 
0.5 
3 
mA 


Standby Power Supply Current 
- 
0.04 
2 
mA 


ISBI 
CS ? VCC-0.2V. 
OV ~ V/N 
- 
2"2 
100°2 


2°3 
50°3 
/AA 
- 


VOL 
IOL;2.1mA 
- 
- 
0.4 
V 
Output Voltage 
VOH 
IOH;-1.0mA 
2.4 
- 
- 
V 


Notes) 
01. 
Typical values are at VCC;5.0V. 
To; 25°C and specified loading. 


*2. 
This characteristics is guaranteed only for l-version. 


*3. 
This characteristics is guaranteed only for l-SL version. 
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Item 
Symbol 
Test Condition 
typo 
max. 
Unit 


Input Capacitance 
Cin 
Vin=OV 
- 
6 
pF 


Input/Output 
Capacitance 
CliO 
VIIO=OV 
- 
8 
pF 


• AC CHARACTERISTICS (Vcc=5V± 
10%, Ta=O to +70°C unless otherwise noted) 


• AC Test Conditions 


o Input pulse levels: O.8V to 2.4V 
o Input rise and fall times: 5ns 


o Input and Output timing reference levels: 1.5V 
o Output load: lTTL 
Gate and CL (l00pF) 
(Including scope and jig) 


Item 
Symbol 
HM62256-8 
HM62256-10 
HM62256-12 
HM62256-15 
Unit 
min. 
max. 
min. 
max. 
min. 
max. 
min. 
max. 


Read Cycle Time 
tRC 
85 
- 
100 
- 
120 
- 
150 
- 
ns 
Address Access Time 
tAA 
- 
85 
- 
100 
- 
120 
- 
150 
ns 
Chip Select Access Time 
tACS 
- 
85 
- 
100 
- 
120 
- 
150 
ns 
Output Enable to Output Valid 
tOE 
- 
45 
- 
50 
- 
60 
- 
70 
ns 
-----_._-------- 
Output Hold from Address Change 
tOH 
5 
- 
10 
- 
10 
- 
10 
- 
ns 
Chip Selection to Output in Low Z 
tCLZ 
10 
- 
10 
- 
10 
- 
10 
- 
ns 
Output Enable to Output in Low Z 
tOLZ 
5 
- 
5 
- 
5 
- 
5 
- 
ns 
Chip Deselection to Output in High Z 
tCHZ 
0 
30 
0 
35 
0 
40 
0 
50 
ns 
Output Disable to Output in High Z· 
tOHZ 
0 
30 
0 
35 
0 
40 
0 
50 
ns 


lACS 


ICLZ 
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Notes) I. wr is High for Read Cycle. 


2. Device is continuously 
selected, rs = V/L. 


3. Address Valid prior to or coincident with rs transition Low. 
4. OE = V/L. 


HM62256-8 
HM62256-10 
HM62256-12 
HM62256-15 
Item 
Symbol 
Unit 
min. 
max. 
min. 
max. 
min. 
max. 
min. 
max. 


Write Cycle Time 
twe 
85 
- 
100 
- 
120 
- 
150 
- 
ns 


Chip Selection to End of Write 
tew 
75 
- 
80 
- 
85 
- 
100 
- 
ns 
Address Valid to End of Write 
tAW 
75 
- 
80 
- 
85 
- 
100 
- 
ns 


Address Set Up Time 
tAS 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
Write Pulse Width 
twp 
60 
- 
60 
- 
70 
- 
90 
- 
ns 
Write Recovery Time 
tWR 
10 
- 
0 
- 
0 
- 
0 
- 
ns 


Write to Output in High Z 
tWHZ 
0 
30 
0 
35 
0 
40 
0 
50 
ns 
Data to Write Time Overlap 
tDW 
40 
- 
40 
- 
50 
- 
60 
- 
ns 


Data Hold from Write Time 
tDH 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Output Disable to Output in High Z 
tOHZ 
0 
30 
0 
35 
0 
40 
0 
50 
ns 


Output Active from End of Write 
tow 
5 
- 
5 
- 
5 
- 
5 
- 
ns 
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• 
Timing 
Waveform 
of 
Write Cycle 
No. 21SJ 
IOE Low Fixed) 


tire 


I. A write occurs during the overlap (I~) 
of a low ~ 
and a low WE. 


2. rWR 
is measured from the earlier of CS or WF.going high to the end of write cycle. 
3. During this period, I/O pins are in the output state. The J!!put signals out of phase must not be applied 
4. If the CS low transition occurs simultaneously 
with the WE low transition or after the WE: low transition. 


outputs remain in a high impedance state. 


5. Of is continuously 
low. (OE = VlL) 


6. Dout is in the same phase of written data of this write cycle. 
7. Dout is the read data of next address. 
8. If CS is low during this period, I/O pins are in the output state. The input signals out of phase must not be 
applied to I/O Pins. 


• 
LOW Vcc DATA 
RETENTION 
CHARACTERISTICS 
(Ta = 0 to +70°C) 


(This 
characteristics 
is guaranteed 
only 
for L-and 
L-SL version) 


Item 
Symbol 
Test Conditions 
min. 
typo 
max. 
Unit 


VCC for Date Retention 
VDR 
CS ~ VCC-o.2V 
2.0 
- 
- 
V 


Vce = 3.0V, CS ~ 2.8V 
- 
- 
50·' 
Data Retention Current 
ICCDR 
OV ~ Vin 
10·' 
jl.A 
- 
- 


Chip Deselect to Data Retention Time 
tCDR 
0 
- 
- 
ns 


See Retention Waveform 


Operation Recovery Time 
tR 
tRC-' 
- 
- 
ns 


Note) 
o\. 
tRC = Read Cycle Time 


°2. This characteristic 
is guaranteed only for L-version, 20jl.A max. at Ta = 0 to 40·C. 


·3. 
This characteristic 
is guaranteed only for L-SL version, 3j1.A max. at Ta = 0 to 40·C. 


• 
Low 
Vcc Date 
Retention 
Weveform 


Vcc 
DATA 
RETENTION 
MODE 


2.2v------ 
VDR~2.0V 


VDR 


oV - - - -- ---------- 
------ 
-- ------- 
---- 
----------------- 
-- - -- - - -- 


Note) 
In Data Retention Mode, CS controls the Address, WE, M, 
and Din Buffers. 
Vin for these inputs can be in 


high impedance state in data retention mode . 
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] 
l.4 
1 \.2 
~ 
.& 
] 


\.0 


1 


0.6 


0.••. 50 


\.. 
~~ 
1~ 
j 
j 
1 
VI 


0.6 


Vcc= s.ov 


I---- ---t-- 


]1 \.2 
z 


~ 
1.0 


~ 
u 
0.8 
1 
VI 


Vcc=5.0V 


- 
~ 
U 
0.9 
l 
VI 


Vcc=5.0V 


-- -r--.. - 


0.9 
1 
VI 
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] 
1 
1.1 


Z 
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] 
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~ 
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z 
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J: 
.§ 
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~ 
~ 
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0.4 
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~ 
~ 


'" 
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0 


0 
10 
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0 
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12 
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1.8 


1.6 
].. 
~ 
1.4 
z 
j 
1.2 
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;: 


< 
0.8 
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~ 
1.2 
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E 
:.: 
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1 
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OUTPUT 
CURRENT 
vs. 


OUTPUT 
VOLTAGE 


1.3 


~ 
J.2 
~ 
z 
1.1 


1.0 
~•.., 
;- 


:;: 
J 
0.8 


0.7 
4.50 
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1.6 


] 


1.4 
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~ 
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J 
• 
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OUTPUT 
CURRENT 
vs. 


OUTPUT 
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HM62832/HM62832H 
8-Bit CMOS Static RAM 


• 
High speed: Fast Access time 25135145 
ns (max.) 


HM62832-Low 
power 


Standby: 10 p.W(typical) (L-version) 
Active: 300 mW (typical) 


HM62832H-Low 
power 


Standby: 300 mW (typical) 
Active: 30 p.W(typical) (L-version) 


• 
Single 5V supply 


• 
Completely 
static memory 
No clock or timing strobe required 


• 
Equal access and cycle times 


• 
Common data input and output-Three 
stage output 


• 
Directly TTL compatible-All 
inputs and outputs 


Part No. 
Access 
Package 


HM62832P-35 
35 ns 


HM62832P-45 
45 ns 
300 mil 28-pin 


HM62832LP-35 
35 ns 
Plastic DIP 


HM62832LP-45 
45 ns 


HM62832JP-35 
35 ns 


HM62832JP-45 
45 ns 
300 mil 28-pin 


HM62832UP-35 
35 ns 
Plastic SOl 


HM62832UP-45 
45 ns 


HM62832HP-25 
25 ns 
300 mil 28-pin 


HM62832HP-35 
35 ns 
Plastic DIP 


HM62832HP-45 
45 ns 
(DP-28NA) 


HM62832HJP-25 
25 ns 
300 mil 28-pin 


HM62832HJP-35 
35 ns 
Plastic SOl 


HM62832HJP-45 
45 ns 
(CP-28DN) 


Pin Name 
Function 


Ao-A14 
Address 


I100-I1~ 
Input/Output 


CS 
Chip Select 


WE 
Write Enable 


OE 
Output Enable 


Vcc 
Power Supply 


Vss 
Ground 
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X 
Address 
Buffer 


Item 
Symbol 
Value 
Unit 


Voltage on any Pin Relative to VSS 
VT 
-0.5'1 
to + 7.0 
V 


Power Dissipation 
PT 
1.0 
W 


Operating Temperature 
Topr 
o to +70 
·C 


Storage Temperature 
Tslg 
-55 to + 125 
·C 


Storage Temperature Under Bias 
Tbias 
-10 to +85 
·C 


CS 
DE 
WE 
Mode 
Vcc Current 
110 Pin 
Ref. Cycle 


H 
X 
X 
' Not Selected 
IS8.Is81 
High Z 


L 
L 
H 
Read 
Ice 
D""I 
Read Cycle(1) 10 (3) 


L 
H 
L 
Ice 
Din 
Write Cycle(l) 


Write 


L 
L 
L 
Ice 
Din 
Write Cycfe(2) 
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Parameter 
Symbol 
Min. 
Typ.'1 
Max. 
Unit 
Test Conditions 
Note 


Input Leakage Current 
IILlI 
- 
- 
10 
/lA 
Vin = Vss to Vee 


CS = VIH or OE = VIH 
Output Leakage Current 
111.01 
- 
- 
10 
,.A 
orWE 
= VIL. 


VIIO = Vss to Vcc 


Average Operating I'I:Jwer 
Min. cycle. duty = 100%. 


Ice 
- 
60 
120 
mA 
CS = VIL. 
Supply Current 
11/0 = OmA 


IS8 
- 
15 
30 
mA 
CS = VIH 


Standby Vee Current 
CS '" Vee - 0.2V. 


Is8t 
- 
2 
100 
,.A 
o V S Vin S 0.2 V, 
L-version 


or Vin, 
'" Vec - 0.2 V 


VOL 
- 
- 
0.4 
V 
IoL=8mA 


Output \Ultage 


VOH 
2.4 
V 
IoH =-4mA 
- 
- 


Parameter 
Symbol 
Min. 
Typ.' I 
Max. 
Unit 
Test Conditions 
Note 


Input Leakage Current 
IILlI 
- 
- 
2 
,.A 
Vin = Vss to Vee 


CS = VIH orOE 
= V1H 
Output Leakage Current 
111.01 
- 
- 
2 
,.A 
orWE 
= VIL. 


VI/O = Vss to Vee 


Min. cycle. duty = 100%. 
Operating I'I:JwerSupply Current 
Ice 
- 
60 
120 
mA 
CS = VIL. 
11/0 =OmA 


Standby I'I:JwerSupply Current 
IS8 
- 
15 
30 
mA 
CS = V1H 
- 
0.02 
2 
mA 
CS '" Vee - 0.2V. 


Standby I'I:JwerSupply Current 
IS81 
o V S Vin :s 0.2 V, 
- 
0.006 
0.1 
mA 
or Vin, 
'" Vec - 0.2 V 
L-version 


VOL 
- 
- 
0.4 
V 
IoL = 8 mA 


Output Voltage 


VOK 
2.4 
- 
- 
V 
10H = -4mA 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Test Conditions 


Input Capacitance 
Cin 
- 
- 
6 
pF 
Vin = OV 


Input/Output 
Capacitance 
ClIO 
- 
- 
10 
pF 
VI/O = OV 


oHITACHI 


Hitachi America, Ltd .• 
Hitachi Plaza. 
2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 
199 


Test Conditions 


• 
Input 
pulse 
levels: 
0.0 
V to 3.0 
V 


• 
Input 
rise 
and 
fall 
times: 
5 ns 


• 
Input 
and 
output 
timing 
reference 
levels: 
1.5 V 


• 
Output 
load: 
See 
Figures 


+5V 
n=! 


480 


Dout 
255 , 
30 pF· 
:q 


+5: 
80 


Dout 
255 
5 pF· 


HM62832H-25 
HM62832-35 
HM62832-45 


Parameter 
Symbol 
HM62832H-35 
HM62832H-45 
Unit 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read Cycle 
Time 
tRe 
25 
- 
35 
- 
45 
- 
ns 


Address 
Access Time 
tAA 
- 
25 
- 
35 
- 
45 
ns 


Chip 
Select Access Time 
tACS 
- 
25 
- 
35 
- 
45 
ns 


Output 
Enable 
to Output 
Valid 
toE 
- 
12 
- 
15 
- 
20 
ns 


Output 
Hold 
From 
Address 
Change 
toH 
5 
- 
5 
- 
5 
- 
ns 


Chip 
Selection 
to Output 
in Low-Z 
lcLZ 
5 
- 
5 
- 
5 
- 
ns 


Output 
Enable 
to Output 
in Low-Z 
toLZ 
0 
- 
0 
- 
0 
- 
ns 


Chip 
Deselection 
to Output 
in High-Z 
lcHZ 
0 
12 
0 
15 
0 
15 
ns 


Output 
Disable 
10 Output 
in High-Z 
toHZ 
0 
12 
0 
15 
0 
15 
ns 


Read Cycle Timing (3) ·1, ·3, ·4 
~~==_~===~ 
W 
~ 


NOTES: 
-I. WE is high for read cycle. 


-2. Device is continuously selecred. CS 
:E Vlt. 


-3. Address should be valid prior to or coincident with CS transition low. 


·4. OE;; Vlt. 
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HM62832H-25 
HM62832-35 
HM62832-45 


Item 
Symbol 
HM62832H-35 
HM62832H-45 
Unit 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Cycle Time 
twe 
25 
- 
35 
- 
45 
- 
ns 


Chip Selection to End of Write 
lcw 
20 
- 
30 
- 
40 
- 
ns 


Address Valid to End of Write 
tAw 
20 
- 
30 
- 
40 
- 
ns 


Address Setup Time 
tAs. 
0 
- 
0 
- 
0 
- 
ns 


Write Pulse Width 
twP 
15 
- 
20 
- 
25 
- 
ns 


Write Recovery Time 
tWR 
0 
- 
0 
- 
0 
- 
ns 


Write to Output in High-Z 
tWHZ 
0 
15 
0 
15 
0 
20 
ns 


Data to Write Time Overlap 
tow 
12 
- 
1.5 
- 
20 
- 
ns 


Data Hold from Write Time 
tOH 
0 
- 
0 
- 
0 
- 
ns 


Output Disable to Output in High-Z 
10HZ 
0 
12 
0 
1.5 
0 
20 
ns 


Output Active From End of Write 
tow 
5 
- 
5 
- 
5 
- 
ns 


NOTES: 
·1. A write occun; during the overlap (Cwp)ofa low CS and a low WE. 


·2. 
tWR is measured 
from the earlier 
of CS or WE 
going high 10 the end of write 
cycle. 


*3. During this period. 110 pins are in the output Slate. The input signals out of phase must not be applied. 


*4. If the CS low transition occurs simultaneously with the WE low transition or after the WE low transitiOfl. OUlpulsremain in a high impedance state. 


·S. OE is continuously 
low. (DE = Vlt>. 


-6. Dout is in the same phase of wrincn cbta of this write cycle. 


·7. Dout is the read data of nexl address. 


*8. If 0 is low during this period, ItO pins are in thc output stale. The input signals out of phase musl not be applied to I/O pins. 


~. 
WE must be high during all address transitions except when device is deselected with CS. 
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• 
Low Vcc Data Retention Characteristics (TA = 0 to +70°C) 
This characteristics 
is guaranteed 
only for L-version 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Test Conditions 


Vcc for Data Retention 
VOR 
2.0 
- 
- 
V 


Data Retention Current 
ICCOR 
- 
1 
50'2 
I'A 
CS ~ VCC - 0.2 V. 


0 


V;n ~ VCC - 0.2 V or 
Chip Deselect to Data Retention Time 
teOR 
- 
- 
ns 
o V :,;;V;n :,;;0.2 V 


Operation Recovery Time 
tRC 
t 
., 
- 
- 
ns 
RC 


HM62832HP 
Series 
(DP-28NA) 


HM62832PIHP 


HM62832HJP 
Series 
(CP-28DN) 


HM62832JPIHJP 


~---;--d 
ffimYYf~~i 


------J4- 
_.. 
& 


0..••:10.1 
2s.t±G.lS- 


(O.OI'±OJX14) 
(O.IOO±o.oro) 


36.0(1.417) 
" 
37.32~~•.(l.nOm,..) --1 
"I 
~ 
11!~! 
-l-l- ,. 


1.30(0.051) 


O.IO(O.CllUJ 
(S£ATH;F'LN«.l~ 


OU::!:O.ID 


to 
DI'±O.OG'J 
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HM6208/HM6208H 
Series 
4-Bit CMOS Static RAM 


The Hitachi 
HM620B 
and HM620BH 
are high speed 
256k 
static 


RAMS 
organized 
as 64k-word 
x 
4 bit. They 
realize 
high 
speed 


access 
time 
(25/35/45 
ns) and low power 
consumption, 
employing 


CMOS 
process 
technology 
and 
high 
speed 
circuit 
designing 


technology. 
It is most advantageous 
wherever 
high speed 
and high 


density 
memory 
is required, 
such 
as the cache 
memory 
for main 


frame 
or 32-bit 
MPU. 


The 
HM620B 
and 
HM620BH 
are 
packaged 
in 
the 
industry 


standard 
300-mil, 
24 
pin, 
plastic 
DIP. 
The 
HM620BH 
is 
also 


available 
in a 300-mil, 
24 pin, plastic 
SOJ package 
for high density 


mounting. 
The 
low 
power 
versions 
are 
ideal 
for 
battery 
backed 


systems. 


Features 


• 
Single 
5 V supply 
and high density 
24-pin 
package 


• 
High 
speed: 
Access 
time 
25/35/45 
ns (max.) 


• 
Low power 
Active: 


Standby: 


300 mW (typ.) 


100 p.W (typ.) 


30 p.W (typ.) (L-version) 


• 
Completely 
static 
operation 
requires 


No clock 
or timing 
strobe 


• 
Access 
and cycle 
times 
are equivalent 


• 
All inputs 
and outputs 
TTL compatible 


• 
Capability 
of battery 
back 
up operation 
(L-version) 


Ordering 
Information 


Type No. 
Access Time 
Package 


HM6208P-35 
35 ns 
HM6208P-45 
45 ns 
HM6208LP-35 
35 ns 
300-mil 
HM6208LP-45 
45 ns 
24-pin 


HM6208HP-25 
25 ns 
plastic DIP 


HM6208HP-35 
35 ns 
(DP-24NC) 


HM6208HLP-25 
25 ns 
HM6208HLP-35 
35 ns 
HM6208HJP-25 
25 ns 
300-mil 
HM6208HJP-35 
35 ns 
24-pin 
Vg 
12 


HM6208HUP-25 
25 ns 
plastic SOJ 


HM6208HUP-35 
35 ns 
(CP-24D) 
(fop 
Vicw) 


Pin Description 


Pin Name 
Function 


AO - A 15 
Addrcss 


1/01 - 1/04 
Input/Output 
CS 
Chip sclect 


WE 
Write 
enable 


Vcc 
Power 
supply 


Vss 
Ground 
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Function 
Table 
CS 
WE" 
Mode 
Vee Current 
I/O Pin 
Ref. Cycle 


H 
X 
Not selected 
ISR,lsR' 
High-Z 
L 
H 
Read 
Ice 
Dout 
Read cycle 
L 
L 
Write 
Ice 
Din 
Write 
cycle 


Note: 
x means don't care. 


Absolute 
Maximum 
Ratings 


Item 


Voltage 
on any pin relative 
to V 55 


Power 
dissipation 


Operating 
temperature 
range 


Storage 
temperature 
range 


Storage 
temperature 
range 
under bias 


Note: "\. 
Vio min = -2.5 V for pulse width S 10 os . 


InpUt 
D••• 


Control 


Symbol 
Vin 


I'T 


Topr 


Tstg 


Tbias 


Value 


_0.5"' 
to +7.0 
1.0 
o to +70 


-5510+125 


-10 to +85 
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Recommended DC Operating Conditions 
eTa = 0 to +70°C) 


Item 
Symbol 
Min 
Typ 


Vcc 
4.5 
5.0 


Vss 
0 
0 


Input 
high (logic 
1) voltage 
VIH 
2.2 


Input low (logic 0) voltage 
VIL 
-0.5 


0 


' 


Note: 
.\. 
VILmin = -2.0 V for pulse width S 10 ns. 


Item 
Symbol 
Min. 
Typ.o, 
Max. 
Unit 
TC!'>1 Condilinn~ 


Input 
Leakage 
Current 
iLl 
- 
- 
2.0 
"A 


Vcc 
= Max. 


Vm = Vss to Vcc 


Output 
Leakage 
Current 
ILa 
- 
- 
10.0 
"A 


CS ~ V'H 


VIIO = \'5510 
Vcc 


Operating 
Power Supply 
Current 
Ice 
- 
60 
100 
mA 
CS = VII._ 
'110 = 0 mA. 


Min. 
Cycle. 
DUlY = 100% 


Standby 
Power Supply 
Current 
Is. 
- 
15 
30 
mA 


CS = VIH. Min. Cycle 
Standby 
Power Supply 
Current 
"H" 
Vcr:-.ion 
Is. 
- 
20 
40 
mA 


Standby 
Power Supply 
Current 
1581 
- 
20 
2000 
"A 
CS " 
Vee - 0.2 V 
o V :::; Vin :s 0.2 Vor 
Standby 
Power Supply 
Current 
L-Vcr~ion 
IS8t 
- 
6 
100 
"A 
Vm 
~ 
Vec - O.2V 


Output 
Low Voltage 
VOL 
- 
- 
0.4 
V 
lot = 8 mA 


Output 
High Voltage 
VOH 
2.4 
- 
- 
V 
IOH = -4.0 mA 


Capacitance eTa = 25°C,f = 1MHz)"' 


Item 
Symbol 
Min 


Input capacitance 
Cin 


Inpul/output 
capacitance 
Coo 


Note: 
-I. 
This parameter is sampled and not 1()()9"o tested. 


Test Conditions 


Vin =0 
V 


VIIO=OV 


AC Characteristics 
(Ta = 0 to +70°C,vcc = 5 V ± 10%,unless otherwise 
noted.) 


Test Conditions 
Input pulse levels: Vss to 3.0 V 
Input rise and fall times: 5 ns 


Input and output timing reference 
levels: 
1.5 V 
Output 
load: See Figures 


Output Load (B) 


(for 
tll7, 
1LZ, twz & lOW) 


osv 


~ 


.... 


D•• " 


2SSQ 
JOp'-- 


~ 


.... 
0... 


2550 
SpY_ 
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HM6208H-25 
HM6208-35 
HM6208-45 


Item 
Symbol 
HM6208H-35 
Unit 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read Cycle 
Time 
tRC 
25 
- 
35 
- 
45 
- 
ns 


Address 
Access 
Time 
tAA 
- 
25 
- 
35 
- 
45 
ns 


Chip Select 
Access 
Time 
tACS 
- 
25 
- 
35 
- 
45 
ns 


Output 
Hold 
From Address 
Change 
IoH 
5 
- 
5 
- 
5 
- 
ns 


Chip Selection 
to Output 
in Low-Z 
tLZ'! 
5 
- 
5 
- 
5 
- 
ns 


Chip 
Deselection 
to Output 
in High-Z 
tHZ'! 
0 
12 
0 
20 
0 
20 
ns 


Chip Selection 
to Power Up Time 
tpu 
0 
- 
0 
- 
0 
- 
ns 


Chip 
Deselection 
to Power Down Time 
tpo 
- 
15 
- 
25 
- 
30 
ns 


NOles: 
.\' 
WE is high for read cycle. 


-2. Device is continuously selected, CS = Vu... 
-3. Address valid prior to or coincident with CS transiuon low. 
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HM6208H-25 
HM6208-35 
HM6208-45 
Item 
Symbol 
HM6208H-35 
Unit 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Cycle 
Time 
twe 
25 
- 
35 
- 
45 
- 
ns 


Chip Selection 
to End of Write 
tew 
20 
- 
30 
- 
40 
- 
ns 


Address 
Valid to End of Write 
tAW 
20 
- 
30 
- 
40 
- 
ns 


Address 
Setup Time 
tAS 
0 
- 
0 
- 
0 
- 
ns 
I 
30 
Write Pulse Width 
I "H" 
Version 
twP 
20 
- 
- 
35 
- 
ns 
25 


Write Recovery 
Time 
tWR 
3 
- 
3 
- 
3 
- 
ns 


Data Valid to End of Write 
tDw 
15 
- 
20 
- 
20 
- 
ns 


Data Hold Time 
tDH 
0 
.- 
0 
- 
0 
- 
ns 


Write Enabled 
to Output 
in High-Z 
twz" 
0 
8 
0 
10 
0 
15 
ns 


Output 
Active 
From 
End of Write 
tow· 1 
0 
- 
0 
- 
0 
- 
ns 
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Low Vcc Data Retention Characteristics (Ta = 0 to +70°C) 


These 
characteristics 
are guaranteed 
only for L-version. 


Item 
Symbol 
Min 
Typ 
Vee for data rctcntion 
VOR 
2.0 
Data retention current 
IcCOR 
Chip dcseJectto data retcntion time 
tCOR 
0 
Operation recovery time 
IR 
IRe" 


Notes: 
"\. 
toc = read cycle time. 


"2. 
Vcc = 3.0 V. 


Max 
Unit 
Tcst Conditions 
V 
CS 2:Vee - 0.2 V, 
50'2 
~A 
Vin 2:Vee- 0.2 Vor 
ns 
o V $ Vin $ 0.2 V 
ns 
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WrMNWfrl 
_ 1-_ 
__ 


041' 0 I 
l~ •• 0 15 


(0019-0004) 
(0100-0010) 


@HITACHI 


Hitachi America, ltd. • Hitachi Plaza· 
2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 


HM670a Series 


Features 


• 
Super Fast Access Time: 
20/25ns 
(max.) 


• 
Low Power Dissipation 
Operating: 
350mW 
(tyP.) (f = 50MHz) 


• 
+5V Single Supply 
• 
Completely 
Static Memory 
No Clock or Timing 
Strobe Required 


• 
Balanced Read and Write Cycle Time 
• 
Fully 
TTL Compatible 
Input and Output 


Ordering Information 


Type No. 


HM6708P-20 
HM6708P-25 


HM6708JP-20 
HM6708JP-25 


Access Time 


20ns 
25ns 


20ns 
25ns 


Package 


300mil24 
pin 
Plastic DIP 


300 mil 
24 pin SOl 


Note) 
The specifications of this device are subject to change without notice. 
Please contact Hitachi's Sales Dept. regarding specifications. 


Vcc 


AI5 
Au 


AI3 


Al2 


All 


Ala 


1101 


1102 


U03 


1104 


WE 
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Absolute 
Maximum 
Retings 


Item 
Symbol 
Rating 
Unit 


Terminal Voltage to Vss Pin 
VT 
-0.5 to +7.0 
V 


Power Dissipation 
PT 
1.0 
W 


Operating Temperature 
Range 
Topr 
o to +70 
°c 


Storage Temperature Range (with bias) T,t.(blu) 
-10 to +85 
°c 


Storage Temperature 
Range 
T,t. 
-55 to +125 
°c 


Symbol 


Vee 


Vss 


V1H 


VJL 


max. 
Unit 


5.5 
V 


0 
V 


6.0 
V 


0.8 
V 


Function Teble 


CS 
WE 
Mode 
Vee Current 
I/O Pin 
Ref. Cycle 


H 
X 
Not selected 
ISB.IsBl 
High Z 


L 
H 
Read 
Ice,/CCl 
Data OIt 
Read Cycle 


L 
L 
Write 
Icc.leCl 
Data In 
Write Cycle 


DC end Operltlnll 
Cherecteriltica 
(VCC = 5 V ±10%, Ta = 0 to +70°C) 


Item 
Symbol 
min. 
typo 
max. 
Unit 
Test Conditions 


Input Leakage Current 
IILlI 
2 
,.A 
Vec· 
5.5V, V/N'" Vssto VCC 


Output Leakage Current 
IILo' 
10 
,.A 
CS" VIH, VI/O· VSSto Vec 
Operating Power Supply Current 
Ice 
100 
mA 
CS'" VIL,II/O ,. 0 mA 


Average Operating Current 
leel 
120 
mA 
Min. Cycle, Duty: l00%.ll/o·OmA 


ISB 
30 
mA 
CS ,. V/H. VIN'" V/H or VIL 
Standby Power Supply Current 
ISBl 
CS~ Vee-0.2 V 
10 
mA 
V/N ~ 0.2 Vor V/N ~ Vee-0.2V 


Output Low Voltage 
VOL 
0.4 
V 
10L" 8mA 


Output High Voltage 
VOH 
2.4 
V 
10H= -4 mA 
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Item 
Symbol 


Input Capacitance 
C1N 


Input/Output 
Capacitance 
CI/O 


Note) 
This parameter is sampled and not 100% tested. 


AC Characteristics 
(VCC 
= 5 V ±10%, To = 0 to +70°C, unless otherwise noted) 


AC Test Conditions 


• 
Input pulse levels; 
VSS to 3.0 V 
• 
Input timing 
reference levels; 
1.5 V 


• 
Output 
Load: 
See Figure 
• 
Input 
rise and fall times: 
4 ns 
• 
Output 
reference levels; 
1.5 V 


VIN=O 
Y 


Vl/o=OY 


Chip Select Access Time 


Output Hold from Address Change 


Chip Selection to Output in Low Z 


Chip Deselection to Output 
in High Z 


Note) 
1. This parameter is sampled and not 100% tested. 
2. Transition is measured ±200 mY from steady state voltage with specified loading in Load B. 


Read Cycle Time 


Address Access Time 


tRC 


tAA 


tACS 


tOH 


tLZ 


@HITACHI 


HitachiAmerica.Ltd.• HitachiPlaza. 2000 SierraPointPkwy.• Brisbane.CA94005-1819• (415)589-8300 
213 


tac 
~ 


Address 


Data Out 
~H=hxXJ 
Data Valid ~H~*= 


Notes) 
el. 
~ 
is High for Read cycle. 
e2. Device is continuously 
selected, ~ 
= VIL- 


e3. Address valid prior to or coincident with CS transition low. 


HM6708-20 
min. 
max. 
HM6708·2S 
min. 
max. 


Write Cycle Time 
twe 
20 
2S 
ns 
2 


Chip Selection to End of Write 
tew 
1S 
20 
ns 


Address Valid to End of Write 
tAW 
1S 
20 
ns 


Address Setup Time 
tAS 
0 
0 
ns 


Write Pulse Width 
twP 
IS 
20 
ns 


Write Recovery Time 
tWR 
3 
3 
ns 


Data Valid to End of Write 
tDW 
12 
IS 
ns 


Data Hold Time 
tDH 
0 
0 
ns 


Write Enable to Output in High Z 
twz 
0 
8 
0 
10 
ns 
3,4 


Output Active from End of Write 
tow 
0 
0 
ns 
3,4 


Note) 
1. If CS goes high simultaneously 
with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitionlng address. 
3. Transition is measured ±200 mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested . 
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Address =t_t 


wc 


_~_ 


oil 
-----tAw 
~ +- tWR·2 
tAS -.. 


oil 
tew 
~ 


z*- 'ow-.~*Z 
'<XXXXXXXXXXX 
DatavalidXXXXXX 


Note) 
'1. 
A write occurs during the overlap of .!low CS and a low WE. (tWp) 
.2. tWR is measured from the earlier of CS or WE going high to the end of write cycle . 
• 3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 


must not be applied . 
•4. If the CS low transition occurs simultaneously 
with the WE low transition or after the WE transition, the 
output buffers remain in a high impedance state . 


• S. If C"S is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase 
to the outputs must not be applied to them . 
•6. Output is the same phase of write data of this write cycle. 
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J708A Series-product 
Preview 


S-Word x 4-Bit High Speed Static RAM 


.=EATURES 


3uper 
Fast 
Access Time 
15/20/25ns 
(max.) 


• Low Power Dissipation 
AOOmW 
(typ.) 


• + 5V Single Supply 
• Completely 
Static Memory 
No Clock or Timing 
Strobe Required 


• Fully TTL Compatible 
Input and Output 


Type No. 
Access Time 
Package 


HM6708AP-15 
15ns 
300 mil 24 pin 
HM6708AP-20 
20ns 
Plastic DIP 


HM6708AP-25 
25ns 
(DP-24NC) 


HM6708AJP-15 
15ns 
300 mil 24 pin 
HM6708AJP-20 
20ns 
Plastic SOJ 


HM6708AJP-25 
25ns 
(CP-24D) 


-ovcc 
-ovss 
Row 


Decoder 


Memory Matrix 


256 X 1024 
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Item 
Symbol 
Rating 
Unit 
~ 


Terminal Voltage to Vss Pin 
VT 
-0.5 to +7.0 
V 


Power Dissipation 
PT 
1.0 
W 


Operating 
Temperature 
Range 
Toor 
o to +70 
°C 
.. 


Storage Temperature 
Range (with bias) 
Ts'.fbias) 
-10 to +85 
°C 


Storage Temperature 
Range 
Ts'. 
-55 to + 125 
°C 


Item 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Vee 
4.5 
5.0 
5.5 
V 
Supply Voltage 


Vss 
0.0 
0.0 
0.0 
V 


Input High (Logic I) Voltage 
VIH 
2.2 
- 
Vee 
+ 0.5 
V 


Input Low (Logic 0) Voltage 
VIL 
-3.0* 
- 
0.8 
V 


CS 
WE 
Mode 
Vee Current 
I/O Pin 
Ref. Cycle 


H 
X 
Not Selected 
ISB, ISB1 
HighZ 
- 


L 
H 
Read 
lee,leel 
Data Out 
Read Cycle (I) (2) 


L 
L 
Write 
lee,leel 
Data In 
Write Cycle (I) (2) 


Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Input Leakage Current 
IILlI 
Vee = 5.5V, V1N = Vss to Vee 
- 
- 
2 
/lA 
Output Leakage Current 
IILaI 
CS = VIH, VI/a = Vss to Vee 
- 
- 
10 
/lA 
Operating 
Power Supply Current 
Ice 
CS = VIL, II/a = OmA 
- 
- 
100 
mA 


Average Operating 
Current 
leel 
Min. Cycle, Duty: 
100%, II/a = OmA 
- 
- 
120 
mA 


ISB 
CS = VIH, VIN = VIH or V1L 
- 
- 
30 
mA 
Standby Power Supply Current 


ISB1 
CS ~ Vee - 0.2V 
10 
mA 
VIN ,;; 0.2V or V1N ~ Vee - 0.2V 
- 
- 


Output Low Voltage 
VOL 
10L = 8mA 
- 
- 
0.4 
V 
Output High Voltage 
VOH 
10H = -4mA 
2.4 
- 
- 
V 


• 
AC TEST CONDITIONS 


• Input Pulse Levels: Vss to 3.0V 
• Input Timing Reference 
Levels: 1.5V 
• Output Reference 
Levels: 1.5V 


• Input Rise and Fall Times: 4ns 
• Output Load: See Figure 


+sv 


4800 


+sv 


4800 


Outpu' 
Load B 
(for 'HZ' 'LZ' twz & toW) 
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Item 
Symbol 
Test Conditions 
Max. 
Unit 


Input Capacitance 
C1N 
V1N = OV 
6.0 
pF 


Output Capacitance 
CI/a 
VI/a = OV 
10.0 
pF 


• 
AC CHARACTERISTICS 
(Vcc 
= 5V ± 10%, Ta = O°C to 70°C, 
unless otherwise 
noted.) 


• Read Cycle 


HM6708A-15 
HM6708A-20 
HM6708A-25 
Item 
Symbol 
Unit 
Notes 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read Cycle Time 
tRC 
15 
- 
20 
- 
25 
- 
ns 
- 


Address Access Time 
tAA 
- 
IS 
- 
20 
- 
25 
ns 
- 


Chip Select Access Time 
tACS 
- 
15 
- 
20 
- 
25 
ns 
- 


Output Hold from Address Change 
taH 
3 
- 
3 
- 
3 
- 
ns 
- 


Chip Selection to Output in Low Z 
tLz 
3 
- 
3 
- 
3 
- 
ns 
1,2 


Chip Deselection 
to Output in High Z 
tHZ 
0 
6 
0 
8 
0 
10 
ns 
1,2 


NOTES: 
I. This parameter is sampled and not 100%tested. 
2. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 


HM6708A-15 
HM6708A-20 
HM6708A-25 
Item 
symbol 
Unit 
Notes 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Cycle Time 
twc 
15 
- 
20 
- 
25 
- 
ns 
1 


Chip Selection to End of Write 
tew 
10 
- 
15 
- 
20 
- 
ns 
- 


Address Valid to End of Write 
tAW 
10 
- 
15 
- 
20 
- 
ns 
- 


Address Setup Time 
tAS 
0 
- 
0 
- 
0 
- 
ns 
- 


Write Pulse Width 
twP 
10 
- 
15 
- 
20 
- 
ns 
- 


Write Recovery Time 
tWR 
0 
- 
0 
- 
0 
- 
ns 
- 


Data Valid to End of Write 
tDw 
9 
- 
12 
- 
15 
- 
ns 
- 
Data Hold Time 
tDH 
0 
- 
0 
- 
0 
- 
ns 
- 


Write Enable to Output in High Z 
twz 
0 
6 
0 
8 
0 
10 
ns 
2,3 


Output Active from End of Write 
low 
0 
- 
0 
- 
0 
- 
ns 
2,3 


NOTES: 
I. All write cycle timings are referenced from the last valid address to the first transitioning address. 
2. Transition is measured ± 200mV from steady state voltage with specified loading in Load B. 
3. This parameter is sampled and not 100%tested. 
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• 
TIMING 
WAVEFORM 


• Read Cycle (1) (1)(2) 


NOTES: 
I. WE is High for READ cycle. 


2. Device is continuously 
selected, 
CS = V'L. 


3. Address 
valid prior to or coincident 
with CS transition 
low. 
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High 
Impedance 


tAW 
tcw 


NOTES: 
1. A write occurs during 
the overlap 
of a low CS and a low WE (twp). 


2. tWR is measured 
from the earlier 
of CS or WE going high to the end of write cycle. 


3. During 
this period, 
I/O pins are in the output state so that the input signals of opposite 
phase to the outputs 
must not 


be applied. 


4. If the CS low transition 
occurs simultaneously 
with the WE low transition 
or after the WE transition, 
the output 


buffers 
remain 
in a high impedance 
state. 


5. If CS is low during 
this period, 
[/0 pins are in the output state. Then the data input signals of opposite 
phase to the 
outputs 
must not be applied 
to them. 


6. Output data is the same phase of write data of this write cycle. 
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HM6709 SerieS-Preliminary 


65536-Word 
x 4-Bit 
High Speed 
Static 
RAM (with 
OE) 


• 
FEATURES 


• Super Fast 
Access Time 
20/25ns (max.) 


• Fast OE 


Access Time 
10ns (max.) 


• Low Power Dissipation 
350mW (typ.) 
• + 5V Single Supply 
• Completely 
Static Memory 


No Clock or Timing 
Strobe Required 
• Balanced 
Read and Write Cycle Time 


• Fully TIL 
Compatible 
Input and Output 
• 300 mil 28 pin SOJ 


Package 


300 mil 28 pin 
Plastic SOJ 
(CP-28DN) 


HM6709JP-20 
HM6709JP-25 
20ns 
25ns 


-aVec 
-aVss 


Row 
Decoder 
Memory 
Matrix 


256 X 1024 


Input 
Data 


Control 


Column 
1/0 


Column 
Decoder 
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Vcc 


A15 


A14 


A13 


A12 


All 


A10 


NC 


NC 


1/01 


1/02 


1/03 


1/04 


WE 


Item 
Symbol 
Rating 
Unit 


Terminal Voltage to Vss Pin 
VT 
-0.5 to +7.0 
V 


Power Dissipation 
PT 
1.0 
W 


Operating 
Temperature 
Range 
Toor 
o to +70 
°C 


Storage Temperature 
Range (with bias) 
TSt2(biasl 
-10 to +85 
°C 


Storage Temperature 
Range 
TSt2 
-55 to +125 
°C 


Item 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Vee 
4.5 
5.0 
5.5 
V 


Supply Voltage 
Vss 
0.0 
0.0 
0.0 
V 


Input High Voltage 
VIH 
2.2 
- 
6.0 
V 


Input Low Voltage 
V1L* 
-3.0 
- 
0.8 
V 


CS 
OE 
WE 
Mode 
Vee Current 
I/O Pin 
Ref. Cycle 


H 
H or L 
H or L 
Not Selected 
ISB, ISB1 
High Z 
- 


L 
H 
H 
Output Disabled 
Ice, Ice I 
HighZ 
- 


L 
L 
H 
Read 
Iee.leCl 
Data Out 
Read Cycle (I) (2) (3) 


L 
H 
L 
Ice. Ieel 
Data In 
Write Cycle (I) (2) (3) (4) 


Write 
Write Cycle (5) (6) 
L 
L 
L 
Iee,IeCl 
Data In 


Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Input Leakage Current 
IILlI 
Vee = 5.5V, V1N = Vss to Vee 
- 
- 
2 
p.A 


Output Leakage Current 
IIwl 
CS = V1Hor OE = V1H, WE = V1L 
- 
- 
10 
p.A 


VI/a = Vss to Vee 


Operating 
Power Supply Current 
Ice 
CS = VIL, II/a = OmA 
- 
- 
100 
mA 


Average Operating 
Current 
Ieel 
Min. Cycle. Duty: 
100%, II/a = OmA 
- 
- 
120 
mA 


ISB 
CS = VIH• VIN = VIH or VIL 
- 
- 
30 
mA 


Standby Power Supply Current 
ISB1 
CS ~ Vee - 0.2V 
10 
mA 
VIN :5 0.2V or V1N ~ Vee - 0.2V 
- 
- 


Output Low Voltage 
VOL 
IOL = 8mA 
- 
- 
0.4 
V 


Output High Voltage 
VOH 
IOH = -4mA 
2.4 
- 
- 
V 


• 
AC TEST CONDITIONS 


• Input Pulse Levels: Vss to 3.0V 
• Input and Output Reference 
Levels: 1.5V 
• Input Rise and Fall Time: 4ns 
• Output Load: See Figure 


+5V 


DOU~ 
4800 


2550 Lj30 
pF• 


+5V 


DOU~ 
4800 


2550Lj5PF. 


Output Load B 


(for tHz, tLZ• 10HZ. IoLz, 
twz & low) 
Output Load A 


*Including scope and jig capacitance. 
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Item 
Symbol 
Test Conditions 
Min. 
Typ. 
Max. 
Unit 


Input Capacitance 
C1N 
V1N = OV 
- 
- 
6 
pF 


Input/Output 
Capacitance 
CliO 
VIIO = OV 
- 
- 
10 
pF 


• 
AC CHARACTERISTICS 
(Vcc = 5V ± 10%, Ta = 0° 
to 70°C, 
unless otherwise 
noted.) 


• Read Cycle 


HM6709JP-20 
HM6709JP-25 
Unit 
Notes 
Item 
Symbol 
Min. 
Max. 
Min. 
Max. 


Read Cycle Time 
tRC 
20 
- 
25 
- 
ns 
- 


Address Access Time 
tAA 
- 
20 
- 
25 
ns 
- 


Chip Select Access Time 
tACS 
- 
20 
- 
25 
ns 
- 


Chip Selection to Output in Low Z 
tLZ 
0 
- 
0 
- 
ns 
1,2 


Output Enable to Output Valid 
IoE 
0 
10 
0 
10 
ns 
- 


Output Enable to Output in Low Z 
tOLZ 
0 
- 
0 
- 
ns 
1,2 


Chip Deselection 
to Output in High Z 
tHZ 
0 
8 
0 
10 
ns 
1,2 


Output Hold from Address Change 
tOH 
5 
- 
5 
- 
ns 
- 


NOTES: 
I. This parameter is sampled and not 100%tested. 


2. Transition is measured ± 200mV from steady state vo tage with specified loading is Load B. 


• Write Cycle 


HM6709JP-20 
HM6709JP-25 
Item 
Symbol 
Unit 
Notes 


Min. 
Max. 
Min. 
Max. 


Write Cycle Time 
twc 
20 
- 
25 
- 
ns 
I 


Chip Selection to End of Write 
Icw 
15 
- 
20 
- 
ns 
- 


Address Setup Time 
tAS 
0 
- 
0 
- 
ns 
- 


Address Valid to End of Write 
tAW 
15 
- 
20 
- 
ns 
- 


Write Pulse Width 
twP 
15 
- 
20 
- 
ns 
- 


Write Recovery Time 
tWR 
3 
- 
3 
- 
ns 
- 


Write to Output in High Z 
twz 
0 
8 
0 
IO 
ns 
2,3 


Data Valid to End of Write 
tow 
12 
- 
15 
- 
ns 
- 


Data Hold Time 
tOH 
0 
- 
0 
- 
ns 
- 


Output Disable to Output in High Z 
10HZ 
0 
8 
0 
10 
ns 
2, 3 


Output Active from End of Write 
low 
0 
- 
0 
- 
ns 
2, 3 


NOTES: 
I. All write cycle timings are referenced from the last valid address to the firsttransitioning address. 
2. This parameter is sampled and not 100%tested. 
3. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 
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• 
TIMING 
WAVEFORM 


• Read Cycle (1) (1) 


NOTES: 
1. WE = VIH 


2. CS = VIL 


3. OE = VIL 


4. Address 
valid prior to or coincident 
with CS transition 
low. 
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High Impedance 


Data Out 
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~~~~~~ 


High Impedance 
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(2) 


High Impedance 


NOTES: 
I. A write occurs during 
the overlap 
(twp) of a low CS and a low WE. 


2. During 
this period, 
I/O pins are in the output S!>lteso that the input signals of opposite 
phase to the outputs 
must not 


be applied. 


3. Output da!>l is the same phase of write data of this write cycle. 


4. If the CS is low transition 
occurs after the WE low transition, 
output 
remain in a high impedance 
s!>lte. 


5. If CS is low during 
this period, 
I/O pins are in the output s!>lte. Then, 
the da!>l input signals of opposite 
phase to the 
outputs 
must not be applied 
to them. 


6. If CS low transition 
occurs simul!>lneously 
with the OE high transition 
or after the OE transition, 
output remain 
in 


high impedance 
S!>lte. 
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HM6709A 
Series-Product 
Preview 


65536-Word 
x 4-Bit High Speed Static RAM (with OE) 


• 
FEATURES 


• Super Fast 


Access Time 
15/20/25ns 
(max.) 
• Fast OE 
Access Time 
8/10/10ns (max.) 
• Low Power Dissipation 
AOOmW 
(typ.) 
• + 5V Single Supply 
• Completely 
Static Memory 
No Clock or Timing 
Strobe Required 
• Fully TIL 
Compatible 
Input and Output 


Type No. 
Access Time 
Package 


HM6709AP-15 
15ns 
300 mil 28 pin 
HM6709AP-20 
20ns 
Plastic DIP 


HM6709AP-25 
25ns 
(DP-28N) 


HM6709AJP-15 
15ns 
300 mil 28 pin 
HM6709AJP-20 
20ns 
Plastic SOJ 
HM6709AJP-25 
25ns 
(CP-28DN) 


Row 
Decoder 
Memory 
Matrix 


256 X 1024 


Input 
Data 
Control 


vcc 


A15 


A14 


A13 


A12 


All 


AlO 


NC 


NC 


1101 


1/02 


1/03 


1/04 


WE 
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Item 
Symbol 
Rating 
Unit 


Terminal Voltage to Vss Pin 
VT 
-0.5 to +7.0 
V 


Power Dissipation 
PT 
1.0 
W 


Operating 
Temperature 
Range 
Toor 
o to +70 
°C 


Storage Temperature 
Range (with bias) 
Tst.(bi,s) 
-10 to +S5 
°C 


Storage Temperature 
Range 
Tst• 
-55 to + 125 
°C 


Item 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Vee 
4.5 
5.0 
5.5 
V 
Supply Voltage 
Vss 
0.0 
0.0 
0.0 
V 


Input High Voltage 
V1H 
2.2 
- 
6.0 
V 


Input Low Voltage 
V1L* 
-3.0 
- 
O.S 
V 


CS 
OE 
WE 
Mode 
Vee Current 
I/O Pin 
Ref. Cycle 


H 
H or L 
H or L 
Not Selected 
19B, ISB! 
High Z 
- 


L 
H 
H 
Output Disabled 
lee, 
lee! 
High Z 
- 


L 
L 
H 
Read 
lee, 
lee! 
Data Out 
Read Cycle (I) (2) (3) 


L 
H 
L 
lee, 
lee! 
Data In 
Write Cycle (1) (2) (3) (4) 
Write 
L 
L 
L 
lee, 
lee! 
Data In 
Write Cycle (5) (6) 


Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Input Leakage Current 
IILlI 
Vee 
= 5.5V, V1N = Vss to Vee 
- 
- 
2 
p.A 


Output Leakage Current 
IILaI 
CS = VlHorOE 
= VlHorWE 
= V1L 
- 
- 
10 
p.A 
VI/O = Vss to Vee 


Operating 
Power Supply Current 
lee 
CS = V1L, 11/0 = OmA 
- 
- 
100 
mA 


Average Operating 
Current 
lee! 
Min. Cycle, Duty: 100%,11/0 
= OmA 
- 
- 
120 
mA 


ISB 
CS = VIH, V1N = V1Hor V1L 
- 
- 
30 
mA 


Standby Power Supply Current 
ISB! 
CS ~ Vee - 0.2V 
10 
mA 
VIN :s; 0.2V or VIN ~ Vee - 0.2V 
- 
- 


Output Low Voltage 
VOL 
10L = SmA 
- 
- 
0.4 
V 


Output High Voltage 
VOH 
10H =-4mA 
2.4 
- 
- 
V 


• 
AC TEST CONDITIONS 


• Input Pulse Levels: Vss to 3.0V 
• Input and Output Reference 
Levels: 1.5V 
• Input Rise and Fall Time: 4ns 
• Output Load: See Figure 


+5V 


DOU~480n 


255n ~30PF. 


+5V 


DOU~ 
480n 


255n~5PF. 


Output 
Load B 


(for tHz, tLZ• 10HZ. IoLz, twz & low) 
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Item 
Symbol 
Test Conditions 
Min. 
Typ. 
Max. 
Unit 


Input Capacitance 
C1N 
V1N = OV 
- 
- 
6 
pF 


Input/Output 
Capacitance 
CI/O 
VI/O = OV 
- 
- 
10 
pF 


• 
AC CHARACTERISTICS 
(Vcc = 5V ± 10%, Ta = O°C to 70°C, 
unless otherwise 
noted.) 


• Read Cycle 


HM6709A-15 
HM6709A-20 
HM6709A-25 
Item 
Symbol 
Unit 
Notes 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read Cycle Time 
tRC 
15 
- 
20 
- 
25 
- 
ns 
- 


Address Access Time 
tAA 
- 
15 
- 
20 
- 
25 
ns 
- 


Chip Select Access Time 
tACS 
- 
15 
- 
20 
- 
25 
ns 
- 


Chip Selection to Output in Low Z 
tLZ 
3 
- 
3 
- 
3 
- 
ns 
1,2 


Output Enable to Output Valid 
toE 
0 
8 
0 
10 
0 
10 
ns 
- 


Output Enable to Output in Low Z 
toLZ 
3 
- 
3 
- 
3 
- 
ns 
1,2 


Chip Deselection 
to Output in High Z 
tHZ 
0 
6 
0 
8 
0 
10 
ns 
1,2 


Output Hold from Address Change 
tOH 
3 
- 
3 
- 
3 
- 
ns 
- 


NOTES: 
1. This parameter 
is sampled 
and not 100% tested. 


2. Transition 
is measured 
±200mV 
from steady state voltage with specified 
loading 
in Load B. 


HM6709A-15 
HM6709A-20 
HM6709A-25 


Item 
Symbol 
Unit 
Notes 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Cycle Time 
twc 
15 
- 
20 
- 
25 
- 
ns 
I 


Chip Selection to End of Write 
tew 
10 
- 
15 
- 
20 
- 
ns 
- 


Address Setup Time 
tAS 
0 
- 
0 
- 
0 
- 
ns 
- 


Address Valid to End of Write 
tAW 
10 
- 
15 
- 
20 
- 
ns 
- 


Write Pulse Width 
twP 
10 
- 
15 
- 
20 
- 
ns 
- 


Write Recovery Time 
tWR 
0 
- 
0 
- 
0 
- 
ns 
- 


Write to Output in High Z 
twz 
0 
6 
0 
8 
0 
10 
ns 
2, 3 


Data Valid to End of Write 
tDw 
9 
- 
12 
- 
15 
- 
ns 
- 


Data Hold Time 
tDH 
0 
- 
0 
- 
0 
- 
ns 
- 


Output Disable to Output in High Z 
toHZ 
0 
6 
0 
8 
0 
10 
ns 
2, 3 


Output Active from End of Write 
tow 
0 
- 
0 
- 
0 
- 
ns 
2, 3 


NOTES: 
1. All write cycle timings are referenced 
from the last valid address 
to the first transitioning 
address. 


2. This parameter 
is sampled 
and not 100% tested. 


3. Transition 
is measured 
±200mV 
from steady state voltage with specified 
loading 
in Load B. 
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• 
TIMING 
WAVEFORM 


• Read Cycle 
(1) (1) 


CS 


tACS 
tCll 


Data Out 
Data Valid 
High Impedance 


• Read Cycle 
(2) (1) (2) (3) 


tAc 


Address 


tM 
too 
tOH 


Data Out 
Previous Data Valid 
Data Valid 


• Read Cycle 
(3) (1)(3)(4) 


tAC 
CS 


tACS 
tHl 
tll 


Data Out 
Data Valid 
High Impedance 


NOTES: 
1. WE = VIH 


2. CS = VIL. 


3. OE = VIL. 


4. Address 
valid prior to or coincident 
with CS transition 
low. 
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HM6709A 
Series ------------------------------ 


• Write Cycle (3) 
(DE = Clocked, WE Controlled) 
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twP 
(1) 


(2) 
too 


High Impedance 


tow 


(3) 


tow 
tOH 


Data Valid 
(5) High Impedance 


NOTES: 
1. A write occurs during 
the overlap (twp) of a low CS and a low WE. 


2. During 
this period, 
I/O pins are in the output state so that the input signals of opposite 
phase to the outputs 
must not 


be applied. 


3. Output data is the same phase of write data of this write cycle. 


4. If the CS is low transition 
occurs after the WE low transition, 
output remain 
in a high impedance 
state. 


5. If CS is low during 
this period, 
I/O pins are in the output state. Then, 
the data input signals of opposite 
phase to the 
outputs 
must not be applied to them. 


6. If CS low transition 
occurs simultaneously 
with the OE high transition 
or after the OE transition, 
output 
remain 
in 
high impedance 
state. 
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HM6207 Series---------- 


The Hitachi 
HM6207 
is a high speed 256k static 
RAM or- 
ganized as 256-kword 
x 1-bit. 
It realizes high speed accesstime 
(35/45 
ns) 
and 
low 
power 
consumption, 
employing 
CMOS 
process technology 
and high speed circuit 
designing technology. 
It is most advantageous for the field where high speed and high 
density memory is required, such as the cache memory for main 
frame 
or 
32-bit 
MPU. 
The 
HM6207, 
packaged in a 300 mil 
plastic DIP, is available for high density mounting. 
Low power version retains the data with battery back up. 


Features 
• 
High Speed: Fast Access Time 35/45 ns (max.) 


• 
Low Power 
Standby: 
100,uW (typ.)/30 
,uW(typ.) (L-version) 
Operation: 
300 mW (typ.) 
• 
Single 5V Supply and High Density 24 Pin Package 
• 
Completely Static Memory: 


No Clock or Timing Strobe Required 
• 
Equal Accessand Cycle Time 
• 
Directly TTL Compatible: 
All Inputs and Outputs 
• 
Capability of Battery Back Up Operation (L-version) 


Ordering Information 


Type No. 
Access Time 


HM6207P-35 
HM6207P-45 


HM6207LP-35 
HM6207LP-45 


35 ns 
45 ns 


35 os 
45 ns 


Absolute Maximum Ratings 
Item 
Symbol 


_~~Itage 
on Any Pin Relative to VSS 
VT 
Power Dissipation 
PT 
Operating Temperature 
Topr 
Storage Temperature 
Tstg 


Storage Temperature 
under bias 
Tbias 


Note) 
·1. 
-2.5Y for pulse width;:;; IOns. 


Rating 


-0.5.1 
to +7.0 
1.0 
o to +70 


-55to+125 
-10 to +85 


Pin Description 


Pin Name 


AO- Al 7 
Address 


Din 
Data Input 
Dout 
Data Output 


__ 
CS. 
9tip 
Select 
WE 
Write Enable 


VCC 
Power Supply 


VSS 
Ground 
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Function Table 


CS 
WE 
Mode 
Vee Current 
Dout Pin 
Ref. Cycle 


H 
X 
NOT SELECTED 
ISB,ISBI 
HIGH-Z 


L 
H 
READ 
Ice 
Dout 
READ CYCLE 


L 
L 
WRITE 
Ice 
HIGH-Z 
WRITE CYCLE 


Note) 
X means 
don't 
care. 


Recommended 
DC Operating Conditions (Ta = 0 to +70°C) 


Parameter 
Symbol 
min 
typ 


Vee 
4.5 
5.0 
VSS 
0 
0 


Input High (logic I) Voltage 
VIH 
2.2 


Input Low (logic 0) Voltage 
VIL 
-0.5°1 


Note) 
01. -2.0V for pulse width ~ IOns 


DC and Operating Characteristics (Ta = 0 to +70°C, Vee = 5V ± 10%, Vss = OV) 


Parameter 
Symbol 
min 
typ °1 
max 
Unit 


Input Leakage Current 
IILlI 
2.0 


Output Leakage Current 
IILOI 
10.0 


Operating Power Supply Current 
Ice 
60 
100 


Standby Power Supply Current 
ISB 
15 
30 


0.02 
2.0 
Standby Power Supply Current (I) 
ISBI 
0.006°2 
0.1 "2 


Output Low Voltage 
VOL 
0.4 
V 


Output High Voltage 
VOH 
2.4 
V 


Note) 
01. 
Typical limits are at Vee = S.OV,Ta = 25°C and specified loading. 


-2. 
This characteristics 
is guaranteed 
only for L·version. 


Test Condition 
Vee = MAX. 
VIN = VSS to Vee 


CS = VIH 
Vout = VSS to Vee 


CS = VIL 
lout = OmA, min. cycle 


CS = VIH, min. cycle 


CS} 
Vee-0.2V, 


OV,=,VIN ~ 0.2V or 
VIN~Vee-0.2V 
IoL= SmA 


IOH=-4·0mA 
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Capacitance (Ta = 25°C,[= 
1.0MHz) 


. Parameter 
Symbol 
Min 


Input Capacitance 
Cin 


Output Capacitance 
Cout 


Note) This parameter is sampled and not 100% tested. 


Conditions 
Vin= OV 


Vout= OV 


AC Characteristics (Ta= 
0 to +70°C, Vcc= 
5V ± 10%, unless otherwise 
noted.) 


AC Test Conditions 


• 
Input 
pulse 
levels: 
Vssto 
3.0V 
• 
Input 
rise and fall times: 
5ns 


• 
Input 
and Output 
timing 
reference 
levels: 
1.5V 
• 
Output 
load: 
See Figures . 


Output Load (A) 


+5V 


Output Load (B) 


(for 
'HZ, 
'LZ. in 
& low) 


+5V 


Read Cycle 


Parameter 
Symbol 
HM6207-35 
HM6207-45 


min 
max 
min 
max 


Read Cycle Time 
tRC 
35 
45 


Address Access Time 
tAA 
35 
45 


Chip Select Access Time 
tACS 
35 
46 


Output Hold from Address Change 
tOH 
5 
5 


Chip Selection to Output in Low Z 
tLZ 
5 
5 


Chip Deselection to Output in High Z 
tHZ 
0 
30 
0 
30 


Chip Selection to Power Up Time 
tpu 
0 
0 


Chip Deselection to Power Down Time 
tPD 
30 
40 


Timing Waveform of Read Cycle No. ,*4, *5 


ns 


ns 
ns 
*2,*3,*7 


ns 
*2, *3, *7 


ns 
*7 


ns 
*7 
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All Read Cycle 
timings 
are referenced 
from last valid address 
to the first transitioning 
address. 
At any given temperature 
and voltage 
condition, 
(HZ max. is less than tLZ 
min. both 
for a given device 
and from 
device 
to device. 


Transition is measured ±200mV from steady state voltage with specified loading in Load B. 
m is high for READ Cycle. 
Device is continuously 
selected, while CS =...!JL. 
Addresses 
valid prior to or coincident 
with CS transition 
low. 


This parameter is sampled and not 100% tested. 


Write Cycle 


HM6207·35 
HM620745 
Parameter 
Symbol 
Unit 
min 
max 
min 
max 
Write Cycle Time 
twe 
35 
45 
ns 
Chip Selection to End of Write 
tew 
30 
40 
ns 
Address Valid to End of Write 
tAW 
30 
40 
ns 
Address Setup Time 
tAS 
0 
0 
ns 
Write Pulse Width 
twp 
25 
25 
ns 
Write Recovery Time 
tWR 
3 
3 
ns 
Data Valid to End of Write 
tDW 
20 
20 
ns 


Data Hold Time 
tDR 
0 
0 
ns 
Write Enable to Output in High Z 
twz 
0 
20 
0 
25 
ns 
Output Active from End of Write 
tow 
0 
0 
ns 


*3,*4 


*3,*4 
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Notes) 
·1. 
If CS goes high simultaneously 
with ~ 
high, the output 
remains in a high impedance 
states. 


-2. 
All Write Cycle timings are referenced 
from the last valid address to the first transitioning 
address. 


·3. 
Transition 
is measured 
±200m V from steady state voltage with specified loading in Load B. 
·4. 
This parameter 
is sampled and not 100% tested. 
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Low Vcc Data Retention 
Characteristics 
(Ta = 0 to +70°C) 
(This characteristics is guaranteed only for L-version) 
_ 


Parameter 
Symbol 
min 


VCC for Data Retention 
V D R 
Data Retention 
Current 
IC_C_D_R 
_ 


Chip Deselect to Data Retention Time 
tc DR 
° 


-Op-er;t"io"n-Recovery 
Time 
tR 
tRC·1 


Note) "t. 
tRC = Read Cycle Time 
"2. 
VCC= 3.0V 


HM6207 Series 


typo 
max. 
Unit 
Test Condition • 


V 
CS ~ VCC - 0.2V 


2 
50"2 
jJ.A 
V-{F"2 Vc'< - O.2'v or 
° 
~Vin 
=0.2V 
ns 
See retention 
ns 
waveform 
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HM6207/HM6207H 
Series 


1-Bit CMOS Static RAM 


The 
Hitachi 
HM6207 
and 
HM6207H 
are 
high 
speed 
256k 


static 
RAMs organized 
as 256-kword 
x 1-bit. They realize 
high 


speed 
access 
time 
(25/35/45ns) 
and 
low power 
consumption, 


employing 
CMOS 
process 
technology 
and 
high 
speed 
circuit 


design 
technology. 
It is most 
advantageous 
wherever 
high 


speed 
and high density 
memory 
is required. 


The 
HM6207 
and 
HM6207H 
are packaged 
in the 
industry 


standard 
300-mil, 
24-pin 
plastic 
DIP. The 
HM6207H 
is also 


available 
in a 300-mil, 
25-pin 
plastic 
SOJ 
package 
for 
high 


density 
mounting. 
The low power 
versions 
are ideal for battery 


backed 
systems. 


Features 


• 
Single 
5 V supply 
and high density 
24-pin 
package 


• 
High speed 
Access 
time: 
25/35/45 
ns (max.) 


• 
Low power 
Active: 


Standby: 


300 mW (typ.) 


100 p.W (typ.) 


30 p.W (typ.) (L-version) 


• 
Completely 
static 
memory 
requires 


No clock 
or timing 
strobe 
requires 


• 
Equal 
access 
and cycle 
time 


• 
All inputs 
and outputs 
TTL compatible 


• 
Capability 
of battery 
back 
up operation 
(L-version) 


Ordering 
Information 


Type 
No. 


HM6207P-35 
HM6207P-45 
HM6207HP-25 
HM6207HP-35 
HM6207HLP-25 
HM6207HLP-35 
HM6207HJP-25 
HM6207HJP-35 
HM6207HLJP-25 
HM6207HLJP-35 


Pin Description 


Pin Name 


AO - AI7 
Function 


Address 


__ 
Datain~ 


Data output 


Chip select 


Write 
enable 
~~--- 
Power slipply__ 


Ground 


Din 


DOUI 


C5 
WE 
Vcc 


Vss 


Access 
Time 


35 ns 
45 ns 
25 ns 
35 os 
25 os 
35 ns 
25 ns 
35 ns 
25 ns 
35 ns 


3()()-mil 
24-pin 
plastic 
DIP 


(DP-24NC) 


3()()-mil 
24-pin 
plastic 
50J 


(CP-24D) 
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Function 
Table 


TI 
WE 
Mode 
Vee Current 
I/O Pin 
Ref. Cycle 


H 
x 
Not selected 
IS8,Is8' 
High-Z 
L 
H 
Read 
Ice 
Dout 
Read cycle 
L 
L 
Write 
Ice 
High-Z 
Write cycle 


Note: 
X means don't care. 


Absolute 
Maximum 
Ratings 


Item 


Voltage 
on any pin relative 
to Vss 


Power 
dissipation 


Operating 
temperature 
range 


Storage 
temperature 
range 


Storage 
temperature 
range 
under 
bias 


Note: "I. 
Vin min = -2.5 V for pulse width ~ 10 ns. 


Symbol 


Vin 


PT 


Topr 


Tstg 


Tbias 


Value 
Unit 


-O.5"'to 
+7.0 
V 
1.0 
W 
o to +70 
·C 


-55 
to +125 
·C 


-10to+85 
·C 
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Recommended 
DC Operating 
Conditions 
(Ta = 0 to +70°C) 


Item 
Symbol 
Min 
Typ 
Vcc 
4.5 
5.0 


Vss 
0 
0 


Input 
high (logic 
I) voltage 
Viii 
2.2 


Input 
low (logic 0) voltage 
Vo. 
-0.5·' 


Note: 
.1. Vo. min = -2.0 V for pulse width:'> 10ns. 


Item 
Symbol 
Min. 
Typ." , 
Max. 
Unit 
Test Conditions 


Input 
Leakage 
Current 
IILlI 
- 
- 
2.0 
~A 
Vcc = Max. 


Vin = Vss (0 Vcc 


Output 
Leakage 
Current 
IlLOI 
- 
- 
10.0 
~A 
CS = V'H 
VI/O = Vss to Vcc 


Opcmting 
Power Supply 
Current 
Ice 
- 
60 
100 
mA 
CS = V'L' 
1"0 = 0 mA. 


Min. 
Cycle. 
DUlY = lOO<;f 


Standby 
Power Supply 
Current 
ISH 
- 
15 
30 
mA 


1 "H" Vcr~i()n 
cs = V'H' 
Min. 
Cycle 
Standby 
Power Supply 
Current 
ISB 
- 
20 
40 
mA 


Standby 
Power Supply 
Current 
(I) 
IS81 
- 
20 
2000 
~A 
CS 2: Vee - 0.2 V 


I L·Ycrsion 
o V s: Vin 
:s 0.2 Vor 


Standby Power Supply Current 
( I) 
IS81 
- 
6 
100 
~A 
V1n 
~ 
Vcc - O.2V 


Output 
Low Voltage 
VOL 
- 
- 
0.4 
V 
IOL=8mA 


Output 
High Voltage 
VOH 
2.4 
- 
- 
V 
IOH = -4.0 mA 


Capacitance 
(Ta = 25°C, f = IMHz)"' 


Item 
Symbol 
Min 


Input capacitance 
Cin 


Output 
capacitance 
Cout 


Note: 
*1. This parameter is sampled and not 100% tested. 


Test Conditions 


Vin = 0 V 


Vou<= 0 V 


AC Characteristics 
(Ta = 0 to +70°C, vcc = 5 V ± 10%, unless otherwise 
noted.) 
Test Conditions 


Input pulse levels: Vss to 3.0 V 
Input rise and fall times: 5 ns 
Input and output timing reference levels: 
1.5 V 


Output load: See Figures 


Output 
Load (B) 


(for !HZ, tL2, lWZ & tow) 


+IV 


~ 


.IO. 


Dooo. 


25SQ 
)o,F. 


~ 


.... 


Dooo. 


2Ssg 
S,F. 
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HM6207H-25 
HM6207-35 
HM6207-45 
Item 
Symbol 
HM6207H-35 
Unit 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read Cycle 
Time 
tRC 
25 
- 
35 
- 
45 
- 
ns 


Address 
Access 
Time 
tAA 
- 
25 
- 
35 
- 
45 
ns 


Chip Select 
Access 
Time 
tACS 
- 
25 
- 
35 
- 
45 
ns 


Output 
Hold 
From 
Address 
Change 
tOH 
5 
- 
5 
- 
5 
- 
ns 


Chip Selection 
to Output 
in Low-Z 
tLZ" 
5 
- 
5 
- 
5 
- 
ns 


Chip 
Deselection 
10 Output 
in High-Z 
tHZ·1 
0 
12 
0 
20 
0 
30 
ns 


Chip Selection 
to Power Up Time 
tpu 
0 
- 
0 
- 
0 
- 
ns 


Chip 
Deselection 
to Power Down Time 
tpo 
- 
15 
- 
25 
- 
40 
ns 


Notes: 
'1. 
WE is high for read cycle. 
·2. 
Device is continuously selected, CS = Vn.. 
·3. 
Address valid priorto or coincident with CS transition low. 
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HM6207H-25 
HM6207-35 
HM6207-45 


Item 
Symbol 
HM6207H-35 
Unit 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Cycle Time 
twe 
25 
- 
35 
- 
45 
- 
ns 


Chip Selection to End of Wrile 
lew 
20 
- 
30 
- 
40 
- 
ns 


Address Valid to End of Wrile 
tAW 
20 
- 
30 
- 
40 
- 
ns 


Address SelUp Time 
tAS 
0 
- 
0 
- 
0 
- 
ns 
I 
30 
Write Pulse Width 
I .. H" 
Version 
twP 
20 
- 
- 
- 
35 
- 
ns 


25 


Write Recovery Time 
tWR 
3 
- 
3 
- 
3 
- 
os 


Dala Valid to End of Wrile 
tow 
15 
- 
20 
- 
20 
- 
ns 


Dala Hold Time 
tOH 
0 
- 
0 
- 
0 
- 
ns 


Write Enabled 
10 Output in High-Z 
twz 'I 
0 
8 
0 
10 
0 
15 
ns 


Output Active From End of Write 
tow " 
0 
- 
0 
- 
0 
- 
ns 
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I.'~ 


----------~( 
Dil.l 
Undtfintd 
~-------------------- 


. 
. 
Hlllh Im~dlnct 


Notes: 
*1. A write occurs during the overlap of a low CS and a low WE. 
*2. 
lWR is measured from the earlier of.CS or WE going high to the end of write cycle. 


*3. lflhc CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain 
in a high impedance !ltatc. 


*4. Dout ill the same phase of write data of this write cycle, if I'MI. is long enough. 
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Low Vcc Data Retention Characteristics (Ta = 0 to +70°C) 
These characteristics 
are guaranteed 
only for L-version. 


Item 
Symbol 
Min 
Typ 
Max 
Unit 


Vcc for data retention 
VDR 
2.0 
V 


Data retention current 
IccoR 
50" 
~A 


Chip deselect 
to dala retention 
lime 
lCDR 
0 
ns 


Operation recovery 
time 
lR 
tRc·\ 
ns 


Notes: 
-I. 
tJtc:= read cycle time. 


*2. Vcr: = 3.0 V. 


CS ~ Vcc - 0.2 V. 


Vin ~ Vcc- 
0.2 V or 
o V S Vin S 0.2 V 


~l'~il 
.g;::g 


~ 
12 


II~(O 
o4~1 
I 3(0051) 


010'00(11. 


SCA'INL PLAN[ 
JL..... 


04J:!"OIO 


OOII:!"0004 
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HM6707 Series-------- 


Features 


• 
Super Fast Access Time: 
20/25ns 
(max.) 


• 
Low Power Dissipation 
Operating: 
350mW 
(tyP.) (f = 50MHz) 


• 
+5V Single Supply 
• 
Completely 
Static Memory 
No Clock or Timing 
Strobe Required 


• 
Balanced Read and Write Cycle Time 
• 
Fully 
TTL 
Compatible 
Input 
and Output 


Type No. 


HM6707P·20 


HM6707P-25 


HM6707 lp·20 


HM6707JP·25 


Access Time 


20ns 


25ns 


20ns 


25ns 


Package 


300mil 24 pin 
Plastic DIP 


300 mil 
24 pin SOl 


--0 


Row 
Memory 
Matrix 
V55 
Ao 


Al 


A2 
A3 


A4 


As 


A6 


A7 
As 


Dout 
WE 


VSS 


Note) 
The specifications of this device are subject to change without notice. 
Please contact Hitachi's Sales Dept. regarding specifications. 
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Rating 
Unit 


-0.5 to +7.0 
V 


1.0 
W 


o to +70 
°c 


-10 to +85 
°c 


-55 to +125 
°c 


Terminal Voltage to Vss Pin 
Vr 


Power Dissipation 
Pr 


Operating Temperature 
Range 
Topr 


Storage Temperature 
Range (with bias) Tstg(bias) 


Storage Temperature 
Range 
Tstg 


Symbol 


Vcc 


Vss 


V1H 


V/L 


max. 
Unit 


5.5 
V 


0 
V 


6.0 
V 


0.8 
V 


Function Table 


CS 
WE 
Mode 
Vcc Current 
Output Pin 


H 
X 
Not selected 
ISB' ISB1 
High Z 


L 
H 
Read 
Icc,lCCl 
Dout 


L 
L 
Write 
ICC,lCCl 
High Z 


DC and Operating Characteristics 
(VCC = 5 V ±10%, To = 0 to +70°C) 


Item 
Symbol 
min. 
typo 
max. 
Unit 
Test Conditions 


Input Leakage Current 
IILl I 
2 
IlA 
Vcq=5.5V, 
V/N=Vssto 
VCC 
Output Leakage Current 
Ihol 
10 
IlA 
CS = V1H, VOUT= VSS to VCC 


Operating Power Supply Current 
IcC 
100 
mA 
CS = V/L,loUr=OmA 


Average Operating Current 
ICCI 
120 
mA 
Min. Cycle, Duty: 
100%,lOUT=OmA 


ISB 
30 
mA 
CS = VIH. VIN= VIHor 
V1L 
Standby Power Supply Current 


ISBI 
10 
mA 
CS ~ Vcc-0.2 
V 
V/N ~ 0.2 V or V/N ~ Vcc -0.2V 
Output Low Voltage 
VOL 
0.4 
V 
IOL = 8 mA 


Output High Voltage 
VOH 
2.4 
V 
IOH = -4 mA 
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Item 


Input Capacitance 


Output Capacitance 


Symbol 


CIN 


COUT 


VIN; 
OY 


VOUT; 
OY 


AC Characteristics 
(VCC 
= 5V±!0%, 
1'0 = 0 to +70°C, 
unless 
otherwise 
noted) 


AC Test Conditions 


• 
Input 
pulse 
levels: 
VSS 
to 3.0 V 
• 
Input 
timing 
reference 
levels: 
1.5 V 


• 
Output 
Load: 
See Figure 
• 
Input 
rise and fall times: 
4 ns 
• 
Output 
reference 
levels: 
1.5 V 


*including 
scope and jig 


Output Loed B 


(for tHZ. tLZ, twz & tow) 


Read Cycle 


Item 
Symbol 
HM6707·20 
HM6707·25 
Notes 
Unit 
min. 
max. 
min. 
max. 


Read Cycle Time 
tRC 
20 
25 
ns 


Address Access Time 
tAA 
20 
25 
ns 


Chip Select Access Time 
tACS 
20 
25 
ns 


Output Hold from Address Change 
tOH 
5 
5 
ns 


Chip Selection to Output in Low Z 
tLZ 
5 
5 
ns 
1,2 


Chip Deselection to Output 
tHZ 
0 
15 
0 
15 
ns 
1,2 
in High Z 


Note) 
I. 
This parameter is sampled and not 100% tested. 


2. Transition is measured ±200 mY from steady state voltage with specified loading in Load B. 
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·3 
~ 
·3 
+- tLZ-' 
High Impedance 


Notes) 
.1. WE is high and CSis low for Read cycle . 
• 2. Addresses valid prior to or coincident with CS transition low. 
• 3. Transition is measured ±200 mV from steady state voltage with specified loading in Load B. 


Unit 
Notes 


ns 
2 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


Write Cycle Time 
twe 
20 
25 


Chip Selection to End of Write 
tew 
IS 
20 


Address Valid to End of Write 
tAW 
15 
20 


Address Setup Time 
tAS 
0 
0 


Write Pulse Width 
twP 
15 
20 


Write Recovery Time 
tWR 
3 
3 


Data Valid to End of Write 
tDW 
15 
20 


Data Hold Time 
tDH 
0 
0 


Write Enable to Output in High Z 
twz 
0 
15 
0 
15 
ns 


Output Active from End of Write 
tow 
0 
0 
ns 


Note) 
1. If CS goes high simultaneously 
with WE high, the output remains in a high impedance state. 


2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured ±200 mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested . 
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*1 
+ twz •. 


Data Undefined 
*2 


Note) 
*1. Transition 
is measured 
±200 mV from 
steady 
state 
voltage 
with 
specified 
loading 
in Load 
B. 


*2. If the 
CS low transition 
occurs 
simultaneously 
with 
the 
WE low transition 
or after 
the WE transition, 
the output 
buffer 
remains 
in a high impedance 
state. 
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HM6707 A Series-product 
Preview 


262144-Word 
x 1-Bit High Speed 
Static 
RAM 


• 
FEATURES 


• Super Fast 
Access Time 
............•........... 
15/20/25ns 
(max.) 


• Low Power Dissipation 
AOOmW 
(typ.) 


• + 5V Single Supply 
• Completely 
Static Memory 
No Clock or Timing 
Strobe Required 


• Fully TIL 
Compatible 
Input and Output 


Type No. 
Access Time 
Package 


HM6707AP-15 
15ns 
300 mil 24 pin 


HM6707AP-20 
20ns 
Plastic DIP 


HM6707AP-25 
25ns 
(DP-24NC) 


HM6707AJP-15 
l5ns 
300 mil 24 pin 


HM6707AJP-20 
20ns 
Plastic SOJ 


HM6707AJP-25 
25ns 
(CP-24D) 


Memory 
Matrix 


256xl024 


AO 


Al 


A2 


Aa 


A4 


As 


AS 


A7 


AS 


Dout 


WE 


VSS 
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Item 
Symbol 
Rating 
Unit 


Terminal Voltage to Vss Pin 
VT 
-0.5 to +7.0 
V 


Power Dissipation 
PT 
1.0 
W 


Operating 
Temperature 
Range 
TODT 
o to +70 
°C 


Storage Temperature 
Range (with bias) 
Tstg(biasl 
-10 to +S5 
°C 


Storage Temperature 
Range 
Tstg 
-55 to +125 
°C 


Item 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Vcc 
4.5 
5.0 
5.5 
V 
Supply Voltage 
Vss 
0.0 
0.0 
0.0 
V 


Input High Voltage 
VIH 
2.2 
- 
Vcc 
+ 0.5 
V 


Input Low Voltage 
V1L 
-3.0* 
- 
O.S 
V 


CS 
WE 
Mode 
Vcc Current 
Output Pin 


H 
X 
Not Selected 
ISB.IsBl 
High Z 


L 
H 
Read 
Icc.lcCl 
Data Out 


L 
L 
Write 
Icc.lcCl 
High Z 


Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Input Leakage Current 
IILlI 
Vcc = 5.5V. V1N = Vss to Vcc 
- 
- 
2 
p.A 


Output Leakage Current 
Ilwl 
CS = VIH• VOUT = Vss to Vcc 
- 
- 
10 
p.A 


Operating 
Power Supply Current 
Icc 
CS = V1L•lOUT = OmA 
- 
- 
100 
mA 


Average Operating 
Current 
ICCl 
Min. Cycle. Duty: 
100%. lOUT = OmA 
- 
- 
120 
mA 


ISB 
CS = VIH• V1N = VIH or V1L 
- 
- 
30 
mA 


Standby Power Supply Current 
ISB1 
CS ~ Vcc - 0.2V 
10 
mA 
V1N :s; 0.2V or V1N ~ Vcc - 0.2V 
- 
- 


Output Low Voltage 
VOL 
IOL = SmA 
- 
- 
0.4 
V 


Output High Voltage 
VOH 
IOH = --4mA 
2.4 
- 
- 
V 


• 
AC TEST CONDITIONS 


• Input Pulse Levels: Vss to 3.0V 
• Input Timing Reference 
Levels: 1.5V 


• Output Reference 
Levels: 1.5V 


• Input Rise and Fall Times: 4ns 
• Output Load: See Figure 


+sv 


480n 


+sv 


480n 


Output Load A 


*Including scope and jig capacitance. 


Output Load B 


(foT tHZ• tLZ• twz & low) 
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Item 
Symbol 
Test Conditions 
Max. 
Unit 


Input Capacitance 
C1N 
V1N = OV 
6.0 
pF 


Output Capacitance 
COUT 
VOUT = OV 
10.0 
pF 


• 
AC CHARACTERISTICS 
(Vcc 
= 5V ± 10%, Ta = O°C to 70°C, 
unless otherwise 
noted.) 


• Read Cycle 


HM6707A-15 
HM6707A-20 
HM6707A-25 
Item 
Symbol 
Unit 
Notes 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read Cycle Time 
tRC 
IS 
- 
20 
- 
25 
- 
ns 
- 


Address Access Time 
tAA 
- 
IS 
- 
20 
- 
25 
ns 
- 


Chip Select Access Time 
tACS 
- 
15 
- 
20 
- 
25 
ns 
- 


Output Hold from Address Change 
tOH 
3 
- 
3 
- 
3 
- 
ns 
- 


Chip Selection to Output in Low Z 
tLZ 
3 
- 
3 
- 
3 
- 
ns 
1,2 


Chip Deselection 
to Output in High Z 
tHZ 
0 
6 
0 
8 
0 
10 
ns 
1,2 


NOTES: 
I. This parameter 
is sampled 
and not 100% tested. 


2. Transition 
is measured 
±200mV 
from steady state voltage with specified 
loading in Load B. 


HM6707A-15 
HM6707A-20 
HM6707A-25 
Item 
Symbol 
Unit 
Notes 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Cycle Time 
twc 
IS 
- 
20 
- 
25 
- 
ns 
I 


Chip Selection to End of Write 
tew 
10 
- 
IS 
- 
20 
- 
ns 
- 


Address Valid to End of Write 
tAW 
10 
- 
IS 
- 
20 
- 
ns 
- 


Address Setup Time 
tAS 
0 
- 
0 
- 
0 
- 
ns 
- 


Write Pulse Width 
twP 
10 
- 
IS 
- 
20 
- 
ns 
- 


Write Recovery Time 
tWR 
0 
- 
0 
- 
0 
- 
ns 
- 


Data Valid to End of Write 
tDW 
9 
- 
12 
- 
IS 
- 
ns 
- 


Data Hold Time 
tDH 
0 
- 
0 
- 
0 
- 
ns 
- 


Write Enable to Output in High Z 
twz 
0 
6 
0 
8 
0 
10 
ns 
2, 3 


Output Active from End of Write 
tow 
0 
- 
0 
- 
0 
- 
ns 
2, 3 


NOTES: 
I. All write cycle timings 
are referenced 
from the last valid address 
to the firsttransitioning 
address. 


2. Transition 
is measured 
±200mV 
from steady state voltage with specified 
loading 
in Load B. 


3. This parameter 
is sampled 
and not ]00% tested. 
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• 


• 
TIMING WAVEFORM 


• Read Cycle (1) (1) 


High 
Impedence 


NOTES: 
I. WE is high and CS is low for READ cycle. 


2. Addresses 
valid prior to or coincident 
with CS transition 
low. 


3. Transition 
is measured 
±200mV 
from steady state voltage with specified 
loading 
in Load B. 
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NOTES: 
I. Transition 
is measured 
±200mV 
from steady state voltage with specified 
loading 
in Load B. 


2. If CS goes high simultaneously 
with WE high, the output remains 
in a high impedance 
state. 
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Data In Valid 


twz 


Data Undefined 
•• 
~ 
----------------- 
High Impedance 
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HM628128 Series---------- 


The Hitachi 
HM628128 
is a CMOS static RAM organized 
128- 


kword x 8-bit. It realizes higher density, higher performance 
and low 


power 
consumption 
by 
employing 
0.8 
~m 
Hi-CMOS 
process 


technology. 
It offers 
low power 
standby 
power 
dissipation; 
therefore, 
it is 


suitable for battery back-up systems. The device, packaged in a 525 


mil SOP (460-mil body SOP) or a 600-mil plastic DIP, is available for 


high density 
mounting. 


Features 
High speed: Fast access time 70/85/100/120 
ns (max.) 
Low power 


Standby: 
10 ~W (typ) (L-version) 
Operation: 
75 mW (typ) 


Single 5 V supply 


Completely 
static memory 
No clock or timing strobe required 
Equal access and cycle times 
Common 
data input and output: Three state output 


Directly TTL compatible: 
All inputs and outputs 
Capability 
of battery back up operation 
(L-version) 
2 chip selection 
for battery back up 


Ordering 
Information 
Type No. 


HM628128P-7 


HM628128P-8 
HM628128P-1O 


HM628128P-12 


HM628128LP-7 
HM628128LP-8 


HM628128LP-1O 
HM628128LP-12 
HM628128FP-7 


HM628128FP-8 


HM628128FP-10 
HM628128FP-12 


HM628128LFP-7 


HM628128LFP-8 
HM628128LFP-10 


HM628128LFP-12 


Access Time 
70 ns 


85 ns 
lOOns 


120ns 


70 ns 
85 ns 
lOOns 
120ns 
70 ns 


85 ns 
100 ns 


120 ns 
70 ns 


85 ns 
lOOns 


120ns 


600 mil 32-pin 
plastic DIP 
(DP-32) 


525 mil 32-pin 
plastic SOP 
(FP-32D) 


The specifications 
of thi s dcvicc are suhjcctto 
change without notice. 
Please 
contact 
your 
ncarcst 
Hitachi's 
Salcs 
Dcr!. 
regarding 
specifications. 


(DP-32) 


HM628128FP 
Series 


1 
32 


2 
31 


3 
30 


4 
29 


5 
28 


6 
27 


7 
26 


8 
25 


9 
24 


10 
23 


11 
22 


12 
21 


13 
20 


14 
19 


15 
18 


16 
17 
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• 


Pin Description 


Pin Name 
AO-A16 


1100-1107 
cst 


CS2 
WE 
OE 
NC 
Vcc 
Vss 


Function 


Address 
Input/output 


Chip select 1 
Chip select 2 


Write enable 
Output enable 


No connection 
Power supply 


Ground 


A13 
A15 


A16 


A14 cr- 
All 
A1 
A6 
A5 


A4 


Input 


Data 


Control 


Function Table 


WE 
CS1 
CS2 
OE 
Mode 
Vee Current 
Dout Pin 
Ref. Cycle 
x 
H 
x 
x 
Not selected 
ISR,ISRl 
High-Z 


x 
x 
L 
X 
ISR,IsRl 
High-Z 


H 
L 
H 
H 
Output disable 
Ice 
High-Z 


H 
L 
H 
L 
Read 
Ice 
Dout 
Read cycle 


L 
L 
H 
lL- 
Write 
Ice 
Din 
Write cycle (1) 
L 
L 
H 
L 
Ice 
Din 
Write cycle (2) 
Note: 
x: H orL 
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Absolute 
Maximum Ratings 
Item 
Voltage on any pin relative to Vss 
Power dissipation 
Operating 
temperature 


Storage temperature 


Storage temperature 
under bias 


Note: 
"\. -3.0 V for pulse half-width $ 30 ns 


Value 


-D.5"' to +7.0 


1.0 
o to +70 
-55 to +125 
-10 to +85 


Unit 


V 
W 
°C 
°C 
°C 


Symbol 
VT 


PT 


Topr 


Tstg 


Tbias 


Recommended 
DC Operating Conditions (Ta = 0 to +70°C) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Note 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 
Vss 
0 
0 
0 
V 
Input high (logic 1) voltage 
VIH 
2.2 
6.0 
V 
Input low (logic 0) voltage 
VIL 
-D.3'1 
0.8 
V 


Note: 
"\. -3.0 V for pulse half-width $ 30 ns 


DC Characteristics 
( Ta = 0 to +70°C, Vcc = 5 V ± 10%, Vss = 0 V) 


Item 
Symbol 
Min 
Typ'! 
Max 
Unit 
Input leakage current 
IILlI 
2 
IlA 


Output low voltage 
VOL 
0.4 
V 
Output high voltage 
VOH 
2.4 
V 


Notes: 
"\. 
Typical values are at Vcc = 5.0 V. Ta = +25°C and specified loading. 
"2. This characteristics is guaranteed only for L-version. 
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Capacitance 
( Ta = 25°C, f = 1.0 MHz) 


Item 
Symbol 
Min 


Input capacitance 
Cin 


Input/output 
capacitance 
ClIO 


Note: 
This parameter 
is sampled 
and not 1000/0tested. 


Max 


8 
10 


Unit 


pF 
pF 


Test Conditions 


Vin =OV 


Vvo= 
OV 


AC Characteristics 
(Ta = a to +70°C, Vcc = 5 V ± 10%, unless otherwise noted ) 
Test Conditions 
• 
Input pulse levels: 0.8 V:o 2.4 V 


• 
Input rise and fall times: 
5 ns 


Input and output timing reference 
levels: 1.5 V 


• 
Output load: 
1 TIL Gate and CL (1OOpF) 


(Including 
scope & jig) 


Read Cycle 


Item 
Symbol 
HM628128-7 
HM628128-8 
HM628128-10 
HM628128-12 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 


Read cycle time 
IRC 
70 
85 
100 
120 
ns 


Address access time 
tAA 
70 
85 
100 
120 
ns 


Chip selection 
(CS I) 
tcO! 
70 
85 
100 
120 
ns 


to output valid 


Chip selection 
(CS2) 
tC02 
70 
85 
100 
120 
ns 
to output valid 
Output enable (OE) 
tOE 
35 
45 
50 
60 
ns 
to output valid 


Chip selection 
(CS I) 
lLZl 
10 
10 
10 
10 
ns 
-1, -2,"3 


to output in low-Z 
Chip selection 
(CS2) 
lLZ2 
10 
10 
10 
10 
ns 
-I, -2.-3 


to output in low-Z 
Output enable (OE) 
tm2 
5 
5 
5 
5 
ns 
-1, -2."3 


to output in low-Z 
Chip deselection 
(CSI) 
blZl 
0 
25 
0 
30 
0 
35 
0 
45 
ns 
-1, ·2,·3 


to output in high-Z 
Chip deselection 
(CS2) 
lIlZ2 
0 
25 
0 
30 
0 
35 
0 
45 
ns 
-I, -2,-3 


to output in high-Z 
Output disable (OE) 
tOlIZ 
0 
25 
0 
30 
0 
35 
0 
45 
ns 
·1, ·2.·3 


to output in high-Z 
Output hold from 
tOil 
10 
10 
10 
10 
ns 
address change 
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I.e 


Address 


I•• 


CST \ 


teol 


tlll 


teD2 


CS2 
tLZ2 
10. 


DE 
tOLl 


Doul 


Notes: 
*1. 
IllZ and 10HZare defined as the time at which the outputs achieve the open circuit conditions and are not referenced to output 
voltage levels. 


*2. Al any given temperature and voltage condition. tllZmax is less than tlZmin both for a given device and from device to device. 
*3. This parameter is sampled and not 100% tested. 
*4. WE is high for read cycle. 


Write Cycle 


Item 
Symbol 
HM628128-7 
HM628128-8 
HM628128-10 
HM628128-12 
Unit 
Note 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Write cycle time 
twc 
70 
85 
100 
120 
ns 


Chip selection to 
tcw 
60 
75 
90 
100 
ns 


end of write 
Address setup time 
tAs 
0 
0 
0 
0 
ns 
Address valid to 
tAw 
60 
75 
90 
100 
ns 


end of write 


Write pulse width 
twP 
55 
65 
75 
85 
ns 


Write recovery time 
twR 
5 
5 
5 
10 
ns 


10 
10 
10 
15 
ns 
*11 
Write to output 
twllZ 
0 
25 
0 
30 
0 
35 
0 
40 
ns 
*10 
inhigh-Z 
Data to write time 
tow 
30 
35 
40 
45 
ns 


overlap 
Write hold from 
toll 
0 
0 
0 
0 
ns 


write time 


Output active from 
tow 
5 
5 
5 
5 
ns 
*10 
end of write 
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t.'J_ 
))))))))))))) 


t •• 


Notes: 
*1. A write occurs during the overlap of a low CS I, a high CS2 and a low WE. A write begins at the latest transition 
among CS I 
going low, CS2 going high and WE going low. A write ends at the earliest transition 
among CSI going high, CS2 going low 
and WE going high. twP is measured 
from the beginning 
of write to the end of write. 


*2. tCW is measured 
from the later of CST going low or CS2 going high to the end of write. 


*3. tAS is measured 
from the address 
valid to the beginning 
of write. 


*4. tWR is measured 
from the earlicst 
of CSI or WE going high or CS2 going low to the end of write cycle. 


*5. 
During this period, I/O pins are in the output state; therefore, 
the input signals of the opposite 
phase to the outputs 
must not 
be applied. 
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°6. 
If CSI 
goes low simultaneously 
with WE going low or after WE going low,the 
outputs 
remain in high impedance 
state. 
°7. 
Dout is the same phase of the latest wriuen 
data in this write cycle. 


oS. 
Dout is the read data of next address. 
°9. 
If CSI is low and CS2 is high during this period, I/O pins are in the output state. Therefore, 
the input signals of the opposite 
phase to the outputs 
must not be applied to them. 
°10. 
This parameter 
is sampled 
and not 100% tested. 


°11. 
This value is measured 
from CS2 going low to the end of write cycle. 


Low Vcc Data Retention Characteristics 
( Ta = 0 to +70°C) 


(This characteristics 
is guaranteed 
only for L-version.) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Test Conditions2 


CSI ~ Vcc- 
0.2 V, 


Vcc for data retention 
VOR 
2.0 
V 
CS2 ~ Vcc- 
0.2 V 


or 0 V ., CS2 ., 0.2 V 


Vin ~ 0 V 


Vcc=3.0V, 
Vin~OV 


Data retention current 
IcmR 
50" 
I!A 
CSI ~ Vcc- 
0.2 V, 


CS2 ~ Vcc- 
0.2 Vor 


o V ., CS2 ., 0.2 V 


Chip deselect to data retention time 
tCDR 
0 
ns 
See Retention 
Waveform 
Operation 
recovery 
time 
tR 
5 
ms 
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CSl ;;;;Vcc-O.ZV 
~ 
----------------------------- 


Notes: 
.1. 
20!1A max at Ta=O to 40°C. 


·2. 
eS2 controls 
address 
buffer, WE buffer, es I buffer and OE buffer and Din buffer. If eS2 controls 
data retention 
mode, Vin 
levels (address, WE, OE, eSI, 00) 
can be in the high impedance 
state. IreSI 
controls data retention 
mode, eS2 must be eS2 
~ Vcc- 
0.2 V or 0 V S eS2 S 0.2 V. The other input levels (address, WE, OE, I/O) can be in the high impedance 
state. 
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HM624256 Series 
4-Bit CMOS Static RAM 


HM624256 SERIES 
262144·WORD 
x 4-BIT HIGH SPEED CMOS STATIC RAM 


The Hitachi HM624256 is a high speed 1M static RAM 
organized 
as 256-kword 
x 4-bit. It realizes high speed access 
time (35/45 ns) and low power consumption, 
employing 
CMOS 
process technology 
and high speed circuit designing 
technology. 


It is most advantageous 
for the field where high speed and high 
density memory is required, such as the cache memory for main 
frame or 32-bit MPU. 
The HM624256, packaged in a 400-mil plastic SOJ is 
available for high density mounting. 


• 
Single 5 V supply and high density 28-pin 
package (DIP and SOJ) 


• 
High speed: Fast access time 35/45 ns (max.) 


• 
Low power 
Operation: 
350 mW (typ.) 
Standby: 100 ",W (typ.) 


• 
Completely 
static memory: 
No clock or timing strobe required 


• 
Equal access and cycle time 


• 
Directly TIL 
compatible: 
All inputs and outputs 


Type No. 
Access 
Time 
Package 


HM624256P-35 
35 ns 
400 mil 
HM624256P-45 
45 ns 
28-pin 
HM624256LP-35 
35 ns 
Plastic DIP 
HM624256LP-45 
45 ns 
(DP28C) 


HM624256JP-35 
35 ns 
400 mil 
HM624256JP-45 
45 ns 
28-pin 
HM624256UP-35 
35 ns 
Plastic SOJ 
HM624256UP-45 
45 ns 
(CP-28D) 


(DIP and SOJ) 
Top View 


Pin Name 
Function 


Ao-AI7 
Address 


11°1-110, 
Input/Output 


CS 
Chip Select 


OE 
Output Enable 


WE 
Write Enable 


Vcc 
Power Supply 


Vss 
Ground 
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CS 
OE 
WE 
Mode 
Vee Current 
I/O Pin 
Ref. Cycle 


H 
X 
X 
Not Selected 
IS8.Is81 
High-Z 
- 


L 
L 
H 
Read 
Ice 
DOUI 
Read Cyclet 1)-(3) 


L 
H 
L 
Write 
Ice 
Din 
Write Cycle(l) 


L 
L 
L 
Write 
Ice 
Din 
Write Cycle(2) 


Item 
Symbol 
Value 
Unit 


Voltage on any Pin Relative to VSS 
VT 
-0.5'1 
to +7.0 
V 


Power 
Dissipation 
PT 
1.0 
W 


Operating Temperature Range 
Topr 
o to +70 
'C 


Storage Temperature Range 
Tstg 
-55 to + 125 
'C 


Storage Temperature Range Under Bias 
Tbias 
-10 to +85 
'C 
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Item 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Vee 
4.5 
5.0 
5.5 
V 
Supply Voltage 


Vss 
0 
0 
0 
V 


Input High (Logic 1) Voltage 
V1H 
2.2 
- 
6.0 
V 


Input Low (Logic 0) Voltage 
V1L 
-0.5.' 
- 
0.8 
V 


Item 
Symbol 
Min. 
Typ." , 
Max. 
Unit 
Test Conditions 


Input Leakage Current 
IIul 
- 
- 
2.0 
p.A 
Vcc 
= max. 


Vin = Vss to Vcc 


Output Leakage Current 
IILOI 
- 
- 
2.0 
p.A 
CS = V,H 
VOU1 = Vss to Vee 


Operating Power Supply Current 
Ice 
- 
70 
120 
mA 
CS = V,L, loul = 0 mA, 
min. cycle 


Standby Power Supply Current 
ISH 
- 
30 
60 
mA 
CS = V,H, min. cycle 


Standby Power Supply Current (l) 
1581*2 
- 
0.02 
2.0 
mA 
CS 2: Vee-0.2V 


]S81·3 
- 
- 
0.2 
mA 
o V :5 V;" :5 0.2 V or 
V;" 2: Vee - 0.2V 


Output Low Voltage 
VOL 
- 
- 
0.4 
V 
IOL = 8 mA 


Output High Voltage 
VOH 
2.4 
- 
- 
V 
IOH = -4.0 mA 


NOTES: 
.1. 
Typicallimils 
are at Vcr 
= 5.0 V. T. = 25°C 
amd specified 
loading. 


*2. lP-version 


*3. 
UP-version 


[tern 
Symbol 
Min. 
Max. 
Unit 
Test Conditions 


Input Capacitance 
Cin 
- 
6 
pF 
V;" = OV 


Input/Output 
Capacitance 
CliO 
- 
11 
pF 
VIIO = 0 V 


NOTE: 
I. This 
parameter 
is sampled 
and not tOOll. tested. 


• 
AC CHARACTERISTICS 
(Ta = 0 to +70·C, Vec = 5 V ± 


Test Conditions 
• 
Input pulse levels: Vss to 3.0 V 


• 
Input rise and fall times: 5 ns 


• 
Input and output timing reference levels: 1.5 V 
• 
Output load: See Figures 


Output Load (A) 


+5V 


Output Load (B) 


(for 'cHZ, 'cLZ' twHZ & low) 


+5V 
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HM624256-35 
HM624256-45 
Item 
Symbol 
Unit 


Min. 
Max. 
Min. 
Max. 


Read Cycle Time 
tRC 
35 
- 
45 
- 
ns 


Address Access Time 
tAA 
- 
35 
- 
45 
ns 


Chip Select Access Time 
tACS 
- 
35 
- 
45 
ns 


Chip Selection to Output in Low-Z 
teLZ'I 
10 
- 
10 
- 
ns 


Output Enable to Output Valid 
toE 
- 
18 
- 
23 
ns 


Output Enable to Output in Low-Z 
'I 
0 
- 
0 
- 
ns 
toLZ 


Chip Deselection to Output in High-Z 
'I 
0 
20 
0 
20 
ns 
tCHZ 


Chip Disable to Output in High-Z 
" 
0 
10 
0 
15 
ns 
tOHZ 


Output Hold From Address Change 
toH 
5 
- 
5 
- 
ns 


Chip Selection to Power Up Time 
tpu 
0 
- 
0 
- 
ns 


Chip Dcselection to Power Down Time 
tpD 
- 
30 
- 
30 
ns 


tACS 


tell 
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_1_~,,,,~~------§ 


NOTES: 
*1. Transilion 
is measured 
:t:200 mv from sleady 
state voltage with Load (B). 
This 
parameter 
is sampled and not 100% tested. 


*2. 
WE is high for read cycle. 


*3. 
Device 
is conlinuQUsly 
selected, 
CS = VIL. 


*4. 
Address 
valid prior 
to or coincKlent 
with CS lransition 
low. 


*5. OE = Vlt. 


HM624256-35 
HM624256-45 
Item 
Symbol 
Unit 


Min. 
Max. 
Min. 
Max. 


Write Cycle Time 
twe 
35 
- 
45 
- 
ns 


Chip Selection to End of Write 
tew 
30 
- 
40 
- 
ns 


Address Valid to End of Write 
tAW 
30 
- 
40 
- 
ns 


Address Setup Time 
tAS 
0 
- 
0 
- 
ns 


Write Pulse Width 
twP 
30 
- 
35 
- 
ns 


Write Recovery Time 
tWR 
3 
- 
3 
- 
ns 


Output Disable to Output in High-Z·) 
10HZ 
0 
10 
0 
15 
ns 


Write to Output in High-Z·' 
tWHZ 
0 
10 
0 
15 
ns 


Data to Write Time Overlap 
tow 
20 
- 
25 
- 
ns 


Data Hold From Write Time 
tOH 
0 
- 
0 
- 
ns 


Output Active From End of Write·) 
low 
0 
- 
0 
- 
ns 


NOTE: 
I. Transition 
is measured 
::t: 200 mV from steady 
state voltage 
with 
Load (B). 


This 
parameter 
is sampled 
and not 100'11 tested. 


Write 
Timing 
Waveform 
(1) 
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NOTES: 
-\. Transition is measured =200 mV from high impedance voltage with Load (8). This parameler is sampled and not 100%tested. 


-2. A write occurs during the overlap (twp) of a low CS and a low WE. 


-3. tWRis measured from the earlier ofCS or WE going high to the end of write cycle. 


-4. During this period. 110 pins are in the output state so that the input signals of the opposite phase to the outputs must not be applied. 


-S. If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition. output remain in a high impedance Slate. 


-6. DE is continuously low. (OE = V,L> 


-7. DoUT is the same phase of write data of this wrile cycle. 


-S. DoUT is the read dala of next address. 


-9. IfCS is low during this period. 110 pins are the output Slate. Then the dala input signals ofopposile phase to the outputs must noI be applied to them. 


1 II ~~~:J5) 
r J 
~O~OSl) 
u 
~ 
~j 


11,.54:0.15 
~1 


(0.100=0.010) 
(0.019:eO.004) 


010(000') 


(SEAT":; 
PLANt) 
-ll-- 


II n±OlO 


\0011±0000lJ 
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HM624257 Series 
4-Bit CMOS Static RAM 
HM624257 SERIES 
262144-WORD 
x 4-BIT HIGH SPEED CMOS STATIC RAM 


The Hitachi HM624257 is a high speed 1M static RAM 
organized 
as 256-kword 
x 4-bit. It realizes high speed access 
time (35/45 ns) and low power consumption, 
employing 
the 
advanced CMOS process technology 
and high speed circuit 
designing 
technology. 
It is most advantageous 
for the field where 
high speed and high density memory is required, such as the 
cache memory for main frame or 32-bit MPU. 


The HM624257, packaged in a 400-mil plastic SOJ is available 
for high density mounting. 


• 
Single 5 V supply and high density 32-pin package (SOJ) 


• 
High speed: Access time 35/45 ns (max.) 


• 
Low power dissipation 
Active mode: 350 mW (typ.) 
Standby: 
100 p.W (typ.) 


• 
Completely 
static memory: 


No clock or timing strobe required 


• 
Equal ace,ess and cycle time 


• 
Directly TIL 
compatible: 
All inputs and outputs 


Type No. 
Access Time 
Package 


HM6242571P-35 
35 ns 
400 mil 
HM6242571P-45 
45 ns 
32-pin 


HM624257UP-35 
35 ns 
Plastic SOl 


HM624257UP-45 
45 ns 
(CP-32D) 


Pin Name 
Function 


~-AI7 
Address 


1,-1. 
Data Input 


1,-0. 
Data Output 


CS 
Chip Select 


WE 
Write Enable 


Vcc 
Power Supply 


Vss 
Ground 


, 


PIN ARRANGEMENT 


Top View 


NC 
vcc 


Ao 
Au 


A, 
A'6 


A2 
A,s 


A3 
A,. 


A4 
A'3 


As 
A'2 


As 
All 


A7 
NC 


As 
I, 


Ag 
12 


Am 
0, 


I. 
02 


13 
03 


CS 
O. 


Vss 
WE 
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• 


Input 


D••• 


Conlrol 


Item 
Symbol 
Value 
Unit 


Voltage on any Pin Relative to V55 
Vin 
-0.5'1 to +7.0 
V 


Power Dissipation 
PT 
1.0 
W 


Operating Temperature Range 
Topr 
o to +70 
'C 


Storage Temperature Range 
Ts,g 
-55 to + 125 
'C 


Storage Temperature Range Under Bias 
Tbias 
-1010+85 
'C 


CS 
WE 
Mode 
Vcc Current 
DOlit Pin 
Ref. Cycle 


H 
X 
Not Selected 
158.1581 
High-Z 
- 


L 
H 
Read 
lee 
Dou1 
Read Cycle(l )-(2) 


L 
L 
Write 
lee 
High-Z 
Write Cycle! 1)-(2) 


~HITACHI 


276 
Hitachi America. Ltd .• 
Hitachi Plaza. 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819· 
(415) 589-8300 


Item 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Vee 
4.5 
5.0 
5.5 
V 
Supply Voltage 
Vss 
0 
0 
0 
V 


Input High (Logic I) Voltage 
V1H 
2.2 
- 
6.0 
V 


Input Low (Logic 0) Voltage 
V1L 
-0.5'1 
- 
0.8 
V 


Item 
Symbol 
Min. 
Typ:' 
Max. 
Unit 
Test Conditions 


Input Leakage Current 
1[L11 
- 
- 
2.0 
p.A 
Vcc 
= max. 
Vin = Vss to Vee 


Output Leakage Current 
I[LQI 
- 
- 
10.0 
p.A 
CS = V1H 
VIIO = Vss to Vee 


Operating Power Supply Current 
[ee 
- 
70 
[20 
mA 
CS = V1L, [110 = 0 mA, 
min. cycle 


Standby Power Supply Current 
[58 
- 
30 
60 
mA 
CS = VIH, min. cycle 


Standby Power Supply Current (I) 
[58' 
- 
0.02 
2.0 
mA 
CS ~ Vee-0.2V 
o V :S Vin :S 0.2 V or 
V;n ~ Vee - 0.2V 


Output Low Voltage 
VOL 
- 
- 
0.4 
V 
[oL=8mA 


Output High Voltage 
VOH 
2.4 
- 
- 
V 
[OH = -4.0 mA 


Item 
Symbol 
Min. 
Max. 
Unit 
Test Conditions 


Input Capacitance 
Cin 
- 
6 
pF 
Vin = OV 


Output Capacitance 
COOl 
- 
11 
pF 
Vool = 0 V 
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• 


• 
Input pulse levels: V55 to 3.0 V 
• 
Input rise and fall times: 5 ns 


• 
Input and output timing reference levels: 1.5 V 


• 
Output load: See Figures 


OUlPUILoad(A) 
Output Load(8) 


(for 
tCHZ• 
tCLZ' 
(WHZ & tow) 
5V 
5V 


4800 
4800 


Dout 


Dout 


25~~ 


25~ 
JOpF· 
5pFo 


7/lr 


7/7'" 


HM624257-35 
HM624257-45 
Item 
Symbol 
Unit 
Min. 
Max. 
Min. 
Max. 


Read Cycle Time 
tRe 
35 
- 
45 
- 
ns 


Address Access Time 
tAA 
- 
35 
- 
45 
ns 


Chip Select Access Time 
lACS 
- 
35 
- 
45 
ns 


Output Hold From Address Change 
tOH 
5 
- 
5 
- 
ns 


Chip Sclection to Output in Low-Z 
ILZ" 
5 
- 
5 
- 
ns 


Chip Deseleclion to Output in High-Z 
tHZ'] 
0 
20 
0 
20 
ns 


Chip Selection to Power Up Time 
tpu 
0 
- 
0 
- 
ns 


Chip Deselection to Power Down Time 
tpD 
- 
- 
30 
ns 
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Read Timing Waveform (2) '1, '3 


CS 


NOTes: 
·1. WE is high for read cycle. 


·2. 
Device 
is conlinuoosly 
selected. 
CS : 
Vlt. 


·3. 
Address 
valid 
prior 
to or coincidenl 
wilh CS lransilion 
low. 


HM624257-35 
HM624257-45 
Item 
Symbol 
Unit 


Min. 
Max. 
Min. 
Max. 


Write Cycle Time 
twe 
35 
- 
45 
- 
ns 


Chip Selection to End of Write 
tew 
30 
- 
40 
- 
ns 


Address Valid to End of Write 
tAW 
30 
- 
40 
- 
ns 


Address Setup Time 
tAs 
0 
- 
0 
- 
ns 


Write Pulse Width 
twP 
30 
- 
35 
- 
ns 


Write Recovery Time 
tWR 
3 
- 
3 
- 
ns 


Data Valid to End of Write 
tDW 
20 
- 
- 
ns 


Data Hold Time 
tDH 
3 
- 
3 
- 
ns 


Write Enabled to Output in High-Z 
twz 'I 
0 
15 
0 
20 
ns 


Output Active From End of Write 
tow'l 
5 
- 
5 
- 
ns 
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NOTES: 
·1. A write 
occurs 
during 
the overlap 
of a low CS and a low WE. 


·2. 
IWR is measured 
from 
t~ 
earlier 
of CS or WE going 
high 
to the end of write 
cycle. 


·3. 
If lhe CS low transition 
occurs 
simultaneously 
with 
the WE lOW'transitions 
or after 
the WE transition, 
output 
buffers 
remain 
in a high 
impedance 
Slate. 


·4. 
DOUT 
is the same 
phase 
of write 
data of this write 
cycle . 


• 
HITACHI 


280 
Hitachi America, ltd .• 
Hitachi Plaza. 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005·1819 • (415) 589·8300 


Item 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Test Conditions 


Vcc for Data Retention 
VOR 
2 
- 
- 
V 


Data Retention Current 
ICCOR 
- 
2 
100" 
p.A 
CS '" VCC - 0.2 V, 


Chip Deselect to Data Retention Time 
0 
Vin '" 
VCC - 0.2 V or 
!cOR 
- 
- 
ns 
o V :s Vin :s 0.2 V 


Operation Recovery Time 
tR 
5 
- 
- 
ms 
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HM66204 
Series 


The HM66204 
is a high density 
1 M-bit static RAM module 


consisted of 4 pieces of HM62256FP/LFP 
products 
(SOP type 


256k static RAM) and a HD74HC138FP equivalent product (SOP 
type CMOS decoder logic). 


An outline 
of the HM66204 is the standard 600 mil width 32 


pin dual-in-line 
package. Its pin arrangement is completely 
com- 


patible with 1 M·bit 
monolithic 
static RAM. 
The HM66204 offers the features of low power and high speed 


by using high speed CMOS devices. And, the HM66204 
makes 


high density mounting 
possible with 
no surface mount technolo- 
gy. 


These features 
make the 
HM66204 
ideally 
suited for 
high 


density compacted memory systems. 


Features 


• 
High density 32 pin DIP 
Mounting 
4 pes. of 256k static RAM (SOP; HM62256FP/ 


LFP) 
and 
CMOS decoder 
logic 
(SOP; 
HD74HC138FP 


equivalent) 
• 
Pin compatible with 1M monolithic 
static RAM 


• 
High speed 
- 
Fast accesstime 120 ns/150 ns (maximum) 


• 
Equal accessand cycle time 


• 
Completely static RAM 
- 
No clock or timing strobe required 


• 
Low power standby and low power operation 
- 
Standby 
40 JAW (typical) 
(L·version) 


- 
Operation 
50 mW(typical} 
(f = 1 MHz) 


• 
Common data input and output, three state outputs 


• 
Capable of battery backup operation 
(L-version) 


Ordering Information 


Part No. 


HM66204-12 
HM66204-15 


HM66204L-12 
HM66204L-15 


120 ns 
150 ns 


120 ns 
150 ns 


Absolute Maximum 
Ratings 
Item 


Voltage on any pin relative to VSS 
Operating temperature 
range 
Storage temperature 
range 


Storage temperature 
range under bias 
Power dissipation 


Symbol 
VT 
Topr 


Tstg 


Tbias 


PT 


Rating 


-0.5 to +7.0 
o to +70 


-55 to +125 
-10 to +85 


1.0 


Pin Description 


Pin Name 
Function 


Address 
Input/Output 
Chip Select 
Output Enable 
Write Enable 
Power Supply 
Ground 
No Connection 


AO- 
A16 
1/01 - 1/08 


CS 
OE 
WE 


VCC 
Vss 
NC 
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Mode Selection 


Mode 
es 
WE 
OE 


Not selected (Power down) 
H 
X 
X 


Read 
L 
H 
L 
L 
L 
H 


Write 
L 
L 
L 


Note) X = Don't care (H or L) 


~V,' 


~\'.,' 


Recommended DC Operetinll Conditions (Ta = 0 to +70°C) 
Parameter 
Symbol 
Min 


VCC 
4.5 
VSS 
0 
3.850' 


Input low (logic 0) Voltage 
V/L 


Note) 01. 
VIH min is determined by VCC x 0.7. 


DC Chereeteristics (Ta = 0 to +70°C, Vee = 5V ± 10%, VSS = OV) 
Parameter 
Symbol 
Min 
Typ 01 


Operating power supply current: DC 
Ice 
10 


Average operating power supply 
37 


current (I) 
leel 
35 


Average operating power supply 
lee2 
10 
current (2) 


Standby power supply current: DC 
ISB 
2 


Standby power supply current 
ISBI 
8· 


(I): DC 


0.16 


I/O 
Current 
Note 
High-Z 
ISB,ISBI 


Dout 
Ice 
Read cycle (I) - (3) 


Din 
Ice 
Write cycle (I) 


Din 
Ice 
Write cycle (2) 


Max 
Unit 
Notes 


5.5 
V 
0 
V 


6.0 
V 
AI5, AI6, CS 
6.0 
V 
Others except AI5, A16. CS 


0.8 
V 


Max 
Unit 
8 
IlA 
2 
IlA 


8 
IlA 


2 
IlA 


25 
mA 


80 
mA 
80 


15 
mA 


12 
mA 


400 
IlA 


8 
mA 
Output low voltage' 
VOL 
0.4 
V 
Output high voltage 
VOH 
2.4 
V 


Note) 
oJ. 
Typical values are at Vee = 5.0V, Ta= +2Soe and specified loading. 


Test Conditions 
Notes 


VI" = VSS to VCC 
VI" = VSS to 3.5V 


CS = V/HorOE 
= V/H 
VIIO= Vssto 
VCC 


CS = VIH or OE = VIH 
VIIO = VSS to 3.5V 


CS= VIL 
11/0 = OmA 


MIN. cycle duty = 100% 
-12 


1110 = OmA 
-15 


CS = VIL, VIH = Vee 
VIL = OV, 11/0 = OmA 
f= IMHz 
CS = VIH 


CS ~ Vee-0.2V 
HM66204L 


AI5 ·A16 2: Vee - 0.2V 
Series 


or OV ~ A15·A16 ~ 0.2V 


10L = 2.1 mA 
IoH = -1.0 mA 
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Capacitance (Ta = 25°C, f = I MHz) 
_._--- 
---- --------------- 


Parameter 
Symbol 
Min 
-------- 
._- 
Input capacitance 
Cin 


Input/output 
capacitance 
CI/O 
Note) 
This pa;amete, 
is sampled and not 100% tested. 


Max 
Unit 
45 
pF 
50 
pF 


Test Conditions 


Vin = OV 


VI/O = OV 


AC Characteristics 
(Ta = 0 to +70°C-, V CC = SV ± 10%, unless otherwise 
noted) 


AC Test Conditions 
• 
Input pulse levels: 
a.BV to 4.aV 
. 


a.BV to 2.4V 
. 


CS-. A15. A16 
Other pin except CS. 
A15. A16 


• 
Input rise and fall times: 
5 ns 


• 
Input and output 
timing reference 
level: 1.5V 


• 
Output 
load: 1 TTL Gate and CL (laOpF) 


(Including 
scope & jig) 


Symbol 
HM66204-12 
HM66204-15 
Unit 


min 
max 
min 
max 


tRC 
120 
150 
ns 


tAA 
120 
150 
ns 


tACS 
120 
150 
ns 


tOE 
60 
70 
ns 


tOH 
10 
10 
ns 


tCLZ 
10 
10 
ns 


tOLZ 
5 
5 
ns 


tCHZ 
0 
40 
0 
50 
ns 


tOHZ 
0 
40 
0 
50 
ns 


Read cycle time 


Address access time~-----------------------._----------_.- 
Chip select access time 
Output enable to o_u_t_p_u_t_v_al_id~ 
_ 


Output hold from address change 


Chip selection to output in low Z 


Output enable to output in low Z 
_._-------~------------------------------- 
Chip deselection to ou tpu t in high Z 
Output disable to output in high Z 
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Notes) .1. ~ 
is high for read cycle. 
·2. 
Device is continuously 
selected, cg = VIL. 
*3. Address should be valid prior to or coincident 
with CS" transition low. 


·4. em= VIL' 


Write Cycle 


Parameter 
Symbol 
HM66204-12 
HM66204-15 
min 
max 
min 
max 
Write cycle time 
twe 
120 
150 


Chip selection to end of write 
tew 
100 
120 


Address valid to end of write 
tAW 
100 
120 


Address setup time 
tAS 
0 
0 


Write pulse width 
twp 
90 
110 


Write recovery time 
tWR 
5 
5 


Write to output in high Z 
tWHZ 
0 
40 
0 
50 
Data to write time overlap 
tDW 
50 
60 


Data hold from write time 
tDH 
0 
0 


Output disable to output in high Z 
tOHZ 
0 
40 
0 
50 
Output active from end of write 
tow 
5 
5 


Write Cycle Timing No.1 (l>E Clock) 


Address 


OE 


few 


CS 


WE 


Dout 


Din 
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Notes) 
"I. 
A write occurs during the overlap (twp) 
of a low cg and a low~. 
"2. 
tWR is measured 
from the earlier of CS" or wtgoing 
high to the end of write cycle. 
"3. 
During this period, 
I/O pins are in the output 
state. 
The input signals of opposite 
phase to the outputs 
must not be applied. 
*4. 
If the CS tow 
transition 
occurs 
simultaneously 
with 
the m 
low transition 
or after the WE low transition, 
outputs remain in a high impedance 
state. 


"5. 
OE is continuously 
low. {OE = VIL> 
"6. 
Dout should be held in phase of the written 
data during this write cycle. 


·7. 
Dout is the read data of next address. 


"S. 
If CS is low during 
this period, 
I/O pins are in the output 
state. 
The input signals which are opposite 
to the 
output 
level should not be applied to I/O pins. 


low 
Vcc Data Retention 
Characteristics 
(Ta = O°C to +70°C) 


Data retention characteristics 
is guaranteed only for L version. 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 
Test Conditions 


CS L VCC-o.2V 
Al5, Al6 L VCC-o.2V 
or A15. Al6 
.<>: 0.2V 


VCC = 3.0V. CS L 2.8V 
Al5 ·A16 ~ 2.8V or 
OV :;::;Al5 ·A16 :;::;0.2V 


Chip deselect to data retention 
time 


Operation 
recovery time 


Note) 
"I. 
tRC = Read Cycle Time. 


2.2V------ 


VDR 
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0.20-0.36 
(0.008-0.014 
) 


15.24(0.600) 
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HM63921-20/25/35-Product 
Preview 


2K x 9-Bit CMOS Parallel In-Out FIFO Memory 


• 
DESCRIPTION 


The HM63921 
is a First-In, First-Out 
memory 
that utilizes a high 


performance 
static RAM array with internal 
algorithm 
that controls, 
monitors 
and declares 
status of the memory 
by empty flag, full flag 


and half-full flag, to prevent data overflow or underflow. 
Expansion 
logic warrants 
unlimited 
expansion 
capability 
in width 


and depth. Both read and write are independent 
from each other and 


their corresponding 
pointers are designed 
to select the proper loca- 
tions out of the entire array serially 
without 
address 
information 
to 


load or unload data. 


Data is toggled in and out of the device through the use of the write 


enable 
(W) and read enable (R) pins. The device 
has a read/write 


cycle time of 30/35/45ns. 
Organization 
of HM63921 
provides a 9-bit 


data bus. the ninth bit could be used for control 
or parity for error 


checking 
at the option of the user. The HM63941 is fabricated 
using 


the 
Hitachi 
CMOS 
1.3micron 
technology. 
The device 
is available 


in DIP. 


• 
FEATURES 


• First-In, First-Out 
Dual Port Memory 


• 2k x 9 Organization 
• Low-Power CMOS 1.3micron Technology 
• Asynchronous 
and Simultaneous 
Read and Write 


• Fully Expandable 
in Depth and/or Width 


• Single 5V (± 10%) Power Supply 
• Empty and Full Warning 
Flags 


• Half-Full 
Flag 
• Access Time 
20/25/35ns 


• Package 
300-mil 28-pin Plastic DIP Package 


Type Name 


HM6392IP-20 
HM63921P-25 
HM6392IP-35 


Package 


300-mil 28-pin 


Plastic DIP 
(DP-28NA) 


20ns 
25ns 
35ns 


w 
Vcc 


Ds 
D4 


D3 
Ds 


D2 
Ds 


D1 
D7 


Do 
FURT 


Xi 
RS 


FF 
EF 


00 
XO/HF 


01 
07 


02 
as 


03 
as 


as 
04 


VSS 
R 


(Top View) 


Pin Name 
Function 


DO-Dg 
Data Inputs 


RS 
Reset 


W 
Write Enable 


R 
Read Enable 


FL 
First Load 


RT 
Retransmit 


Xl 
Expansion-In 


XO 
Expansion-Out 


HF 
Half-Full 
Flag 


FF 
Full Flag 


EF 
Empty Flag 


Qo-Qg 
Data Outputs 
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• 


HM63921-20/25/35 
---------------------------- 


• 
BLOCK DIAGRAM 


Write 
Pointer 
Row 
Decoder 
Memory Array 
2048 X 9 
Row 
Decode 


Read 
Pointer 
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Item 
Symbol 
Rating 
Unit 


Terminal Voltage(l) 
VT 
-0.5(2) to + 7.0 
V 


Power Dissipation 
PT 
1.0 
W 


Operating 
Temperature 
Topr 
o to +70 
°C 


Storage Temperature 
Ts10 
-55 to + 125 
°C 


Storage Temperature 
Under Bias 
Tbias 
-10 to +S5 
°C 


NOTES: 
1. Relative to Vss. 


2. -3.5V 
for pulse width,,; 
IOns. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Vcc 
4.5 
5.0 
5.5 
V 
Supply Voltage 


Vss 
0 
0 
0 
V 


VIH 
2.2 
- 
6.0 
V 
Input Voltage 


V1L 
-0.5(1) 
- 
O.S 
V 


Parameter 
Symbol 
Test Conditions 
Min. 
Typ. 
Max. 
Unit 


Input Leakage Current 
IILlI 
Vcc = 5.5V, Vin = OV - VCC 
- 
- 
2 
p.A 


Output Leakage Current 
IIwl 
R = VIH, VOU1 = OV - Vcc 
- 
- 
2 
p.A 


-20 
- 
120 
mA 


Operating 
Power Supply Current 
Icc1 
Average Operating 
Current 
-25 
- 
1I0 
mA 


-35 
- 
100 
mA 


ISB1 
R = W = RS = FLIRT = VIH 
- 
- 
10 
mA 
Standby Power Supply Current 
ISB2 
All inputs ~ Vcc - 0.2V or ,,; Vcc 
I 
mA 
- 
- 


Output High Voltage 
VOH 
IOH = -4mA 
2.4 
- 
- 
V 


Output Low Voltage 
VOL 
IOL = SmA 
- 
- 
0.4 
V 


Parameter 
Symbol 
Test Conditions 
Typ. 
Max. 
Unit 


Input Capacitance 
Cin 
Vin = OV 
- 
6 
pF 


Output Capacitance 
COU! 
yOU! = OV 
- 
10 
pF 


• 
AC CHARACTERISTICS 
(Ta = O°C to 70°C, 
Vcc = 5 ± 10%) 


• Test Conditions 


• Input Pulse Levels: Vss to 3.0V 
• Input and Output Timing Reference Level: l.5V 
• Input Rise and Fall Times: 5ns 
• Output Load: See Figure 


+5 V 


DOU~480n 


255n L.j,.30 pF· 
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HM63921-20 
HM63921-25 
HM63921-35 
Parameter 
Symbol 
Unit 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read Cycle Time 
tRC 
30 
- 
35 
- 
45 
- 
ns 


Access Time 
tA 
- 
20 
- 
25 
- 
35 
ns 


Read Recovery Time 
tRR 
10 
- 
10 
- 
10 
- 
ns 


Read Pulse Width 
tRPw 
20 
- 
25 
- 
35 
- 
ns 


Read Low to DB Low Z 
tRLZ(I) 
5 
- 
5 
- 
5 
- 
ns 


Read High to DB High Z 
tRHZ(I) 
- 
15 
- 
15 
- 
20 
ns 


Data Valid from Read High 
toH 
3 
- 
3 
- 
3 
- 
ns 


Read Pulse Width After Empty Flag High 
tRPE 
20 
- 
25 
- 
35 
- 
ns 


Write High to DB Low Z 
tWLZ(I) 
3 
- 
3 
- 
3 
- 
ns 
(Read Data Flow Through 
Mode) 


HM63921-20 
HM63921-25 
HM63921-35 
Parameter 
Symbol 
Unit 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Cycle Time 
twc 
30 
- 
35 
- 
45 
- 
ns 


Write Recovery Time 
tWR 
10 
- 
10 
- 
10 
- 
ns 


Write Pulse Width 
twpw 
20 
- 
25 
- 
35 
- 
ns 


Data Setup Time 
tos 
10 
- 
15 
- 
20 
- 
ns 


Data Hold Time 
tOH 
0 
- 
0 
- 
5 
- 
ns 


Effective Write Pulse Width After 
20 
25 
35 
Full Flag High 
tWPF 
- 
- 
- 
ns 


HM63921-20 
HM63921-25 
HM63921-35 
Parameter 
Symbol 
Unit 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Reset Cycle Time 
tRSC 
30 
- 
35 
- 
45 
- 
ns 


Reset Pulse Width 
tRS 
20 
- 
25 
- 
35 
- 
ns 


Reset Setup Time 
tRSS 
0 
- 
0 
- 
0 
- 
ns 


Reset Recovery Time 
tRSR 
10 
- 
10 
- 
10 
- 
ns 


HM63921-20 
HM63921-25 
HM63921-35 
Parameter 
Symbol 
Unit 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Retransmit 
Cycle Time 
tRTC 
30 
- 
35 
- 
45 
- 
ns 


Retransmit 
Pulse Width 
tRT 
20 
- 
20 
- 
35 
- 
ns 


Retransmit 
Setup Time 
tRTS 
0 
- 
0 
- 
0 
- 
ns 


Retransmit 
Recovery Time 
tRTR 
10 
- 
10 
- 
10 
- 
ns 
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HM63921-20 
HM63921-25 
HM63921-35 
Parameter 
Symbol 
Unit 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Reset to Empty Flag Low 
tEFL 
- 
20 
- 
25 
- 
35 
ns 


Reset to Full Flag High 
tFFH 
- 
20 
- 
25 
- 
35 
ns 


Reset to Half-Full 
Flag High 
tHFH 
- 
30 
- 
35 
- 
45 
ns 


Read Low to Empty Flag Low 
tREF 
- 
20 
- 
25 
- 
35 
ns 


Read High to Full Flag High 
tRFF 
- 
20 
- 
25 
- 
35 
ns 


Write High to Empty Flag High 
tWEF 
- 
20 
- 
25 
- 
35 
ns 


Write Low to Full Flag Low 
tWFF 
- 
20 
- 
25 
- 
35 
ns 


Write Low to Half-Full 
Flag Low 
tWHF 
- 
30 
- 
35 
- 
45 
ns 


Read High to Half-Full 
Flag High 
tRHF 
- 
30 
- 
35 
- 
45 
ns 


Parameter 
HM63921-20 
HM63921-25 
HM63921-35 
Symbol 
Unit 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Expansion 
in Setup to Write or Read 
tEFL 
- 
15 
- 
20 
- 
30 
ns 


Expansion 
in Recovery Time 
tRFF 
- 
15 
- 
20 
- 
30 
ns 


Expansion 
in Pulse Width 
tWHF 
10 
- 
10 
- 
10 
- 
ns 


Expansion 
Out High Delay From Clock 
tREF 
10 
- 
10 
- 
10 
- 
ns 


Expansion 
Out Low Delay From Clock 
tRFF 
10 
- 
10 
- 
15 
- 
ns 
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HM63921-20/25/35 
------------------------------ 


SIGNAL 
DESCRIPTIONS 


Inputs 


• Reset (RS) 
The device is reset whenever 
RS input is taken to 
low state, for minimum 
reset pulse width. 
When 
device 
is reset, both read and write pointers 
are 
set to the first location. 
A reset cycle is required 
after power on. Both read enable 
(R) and write 
enable (W) inputs must be in the high state dur.!!:!g 
reset. Empty ~ 
(EF) will go low and full flag (FF) 
and half-full (HF) will go high during 
reset cycle. 


• Write enable (IN) 
_ 
Write cycle is initiated 
at the falling 
edge of W, if 
the full flag (FF) is not set, provided that data set- 
up and hold time requirements 
relative to the ris- 
ing edge of (IN) are met. Data is stored in the de- 
vice sequentially 
and independently 
of any simul- 
taneous read operation. 
To inhibit further write op- 
erations 
and 
prevent 
internal 
data overflow 
full 
flag (FF) will go low. 


• Read enable (R) 
_ 
Read cycle is initiated 
at the falling 
edge of R, if 
the empty flag (EF) is not set. Data is accessed 
on 
a first-in, first-out 
basis independently 
of simulta- 
neous write operation. 
As read enable 
(R) goes 
high, 
all outputs 
will 
return 
to high 
impedance 
state, till next read operation. 
After the last data 
has been read from the FIFO, the empty flag (EF) 
will go low, preventing 
further read operations 
with 
~ut 
kept in high impedance 
state. Empty flag 
(EF) will go high during a valid write cycle (tWEF), 
thereafter 
a valid read can start. 


• First load/retransmit 
(FURT) 
For depth expansion 
mode, this pin is grounded to 
indicate 
that it is the first device, while this pin of 
the rest of devices should connect 
to Vcc for cor- 
rect operation. 
In single device mode, this pin re- 
sets the read pointer to the beginning 
of the FIFO 
memory, 
therefore 
data can be reread from the 
beginning. 
Both R and IN should 
be kept high 
while RT is taken low. 


• Expansion-in 
(Xi) 
For 
single 
device 
mode 
expansion-in 
(Xi) is 
grounded. 
For 
depth 
expansion 
mode, 
expansion-in 
QQ) 
should 
be 
connected 
to 
expansion-out 
(XO) of previous device. 


• Data In (Do to Os) 
Data inputs for 9-bit wide data. 


Outputs 


• Full Flag (FF) 
The full flag (FF) will go low when 
FIFO is full, 
inhibiting 
further 
write 
operations 
until 
one 
or 
more read operations 
are completed 
or the FIFO 
is reset. 


• Empty flag (EF) 
The empty 
flag (EF) will go low when the FIFO 
becomes 
empty, 
inhibiting 
further 
read 
opera- 


tions, until one or more write operations 
are com- 
pleted, or FIFO is set to retransmit. 


• Expansion-out 
(XO)/Half-full 
flag (HF) 
This output has dual functionality 
depending 
how 
it 
is used. 
In de.£!t1 expansion 
configuration 
expansion-out 
(XO) 
is 
connected 
to 
next 
expansion-in 
(Xi). The expansion-out 
(XO) of the 
last FIFO is connected 
to the expansion-in 
(Xi) of 
the first FIFO. In this way the first FIFO indicates 
the next FIFO that it will receive the next data. In 
like manner, any FIFO which becomes full will indi- 
cate the next FIFO that it will receive the next data. 
The second 
function 
of this 
output 
is in stand 
alone and/or parallel expansion 
configurations 
to 
indicate 
the system user that the FIFO is almost 
full. 


• Data outputs 
(00 to as) 
Data outputs 
for 9-bit wide data. These 
outputs 
are in high impedance 
state when R is in high 
state. 


• Single device mode 
_ 
If only one FIFO is used, the expansion-in 
(XI) pin 
should be grounded. 


• Width expansion 
mode 
Width 
expansion 
by 9-bit 
increments 
may 
be 
achieved when separately 
paralleling 
the data in- 
puts and the data outputs. 
In this configuration 
any flags 
of any device 
may be used. 
To avoid 
output contention 
of the flags for short periods 
of 
time, 
the flag 
outputs 
should 
not be wired 
to- 
gether. 


• Depth expansion 
mode 
Multiple of FIFOs could provide multiple of 2k x 9 
as (N) x (2k) by 9-bits wide, where N is the num- 
ber 
of 
FIFOs 
connected 
in depth 
expansion 
mode. 


The following 
arrangement 
must be provided. 


1. First load (FL) of the first FIFO should 
be con- 
nected to ground. 


2. All other (FL) should be connected 
to Vcc. 


3. Connect 
the expansion-out 
(XO) of each FIFO 
to e~nsion-in 
(Xi) of the~ext 
FIFO serially 
and XO of the last FIFO to XI of the first FIFO. 


4. Connect 
all the empty flag (EF) t.Qgether to OR 
gate and connect all the full flag (FF) together to 
OR gate to obtain two separate valid empty flag 
(EF) and full flag (FF) outputs. 


5. (RT) and (AF) will not be available 
in this mode. 


• Compound 
expansion 
mode 
Combination 
of 
width 
and 
depth 
expansion 
modes will provide larger FIFO arrays. 
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• 
TIMING 
WAVEFORM 


• Read Cycle 


NOTES: 
I. W = R = VIH during 
reset. 


2. IRSC = IRST. IRSR. 
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• 


Additional reads 


~ 


Additional 


~ 
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• 


Read from last 
\~hy';~1 
",,,,,,, 
~IXQ 
{.XOH 
l~J 
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tXIS 
Read from first 
physical address 
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HM63941-25/35/45 
- Preliminary 


4K x 9-Bit CMOS Parallel In-Out FIFO Memory 


• 
DESCRIPTION 


The HM63941 
is a First-In, First-Out 
memory 
that utilizes a high 


performance 
static RAM array with internal 
algorithm 
that controls, 
monitors 
and declares 
status of the memory 
by empty flag, full flag 


and almost-full 
flag, to prevent data overflow 
or underflow. 


Expansion 
logic warrants 
unlimited 
expansion 
capability 
in width 


and depth. Both read and write are independent 
from each other and 


their corresponding 
pointers are designed 
to select the proper loca- 
tions out of the entire array serially 
without 
address 
information 
to 


load or unload data. 
Data is toggled in and out of the device through the use of the write 


enable 
(W) and read enable (R) pins. The device 
has a read/write 


cycle time of 35/45/60ns. 
Organization 
of HM63941 provides a 9-bit 


data bus. the ninth bit could be used for control 
or parity for error 


checking 
at the option of the user. The HM63941 is fabricated 
using 


the Hitachi 
CMOS 
1.3micron 
technology. 
The device 
is available 


in DIP. 


• 
FEATURES 


• First-In, First-Out 
Dual Port Memory 


• 4k x 9 Organization 
• Low-Power CMOS 1.3micron Technology 
• Asynchronous 
and Simultaneous 
Read and Write 


• Fully Expandable 
in Depth and/or Width 


• Single 5V (± 10%) Power Supply 
• Empty and Full Warning 
Flags 


• Almost-Full 
Flag 


• Access Time 
25/35/45ns 


• Package 
28-pin DIP Package 


Type Name 


HM63941P-25 
HM63941P-35 
HM63941P-45 


25ns 
35ns 
45ns 


Vii 
VCC 


08 
04 


03 
Os 


02 
06 


01 
07 


00 
FURT 


X1 
RS 


FF 
EF 


00 
XO/AF 


01 
07 


02 
06 


03 
Os 


08 
04 


VSS 
R 


Pin Name 
Function 


Do-Ds 
Data inputs 


RS 
Reset 


W 
Write enable 


R 
Read enable 


FL 
First load 


RT 
Retransmit 


XI 
Expansion-in 


XO 
Expansion-out 


AF 
Almost-full 
flag 


FF 
Full flag 


EF 
Empty flag 


Qo-Qs 
Data outputs 
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Item 
Symbol 
Rating 
Unit 


Terminal Voltage(l) 
VT 
-0.5(2) to + 7.0 
V 


Power Dissipation 
PT 
1.0 
W 


Operating 
Temperature 
TOOT 
o to +70 
°C 


Storage Temperature 
Tst• 
-55 to +125 
°C 


Storage Temperature 
Under Bias 
Tbias 
-10 to +S5 
°C 


NOTES: 
1. Relative to Vss. 


2. -3.5V 
for pulse width 
:s IOns. 


• 
ELECTRICAL 
CHARACTERISTICS 


• Recommended 
DC Operating 
Conditions 
(Ta = 0 to + 70°C) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Vee 
4.5 
5.0 
5.5 
V 
Supply Voltage 
Vss 
0 
0 
0 
V 


V1H 
2.0 
- 
6.0 
V 
Input Voltage 
V1L 
-0.5(1) 
- 
O.S 
V 


Parameter 
Symbol 
Test Conditions 
Min. 
Typ. 
Max. 
Unit 


Input Leakage Current 
IILlI 
Vee 
= 5.5V, Vin = OV - Vee 
- 
- 
2 
p.A 


Output Leakage Current 
IILOI 
R = VIH, Vout = OV - Vee 
- 
- 
2 
p.A 


Ieel 
Average Operating 
Current 
- 
- 
SO 
mA 
Operating 
Power Supply Current 
Iee2 
R = W = RS = FLIRT 
= V1H 
- 
10 
mA 
- 


Standby Power Supply Current 
IS8 
All Inputs ;", Vee - 0.2V or S; Vee 
- 
- 
1 
mA 


Output High Voltage 
VOH 
IOH =-4mA 
2.4 
- 
- 
V 


Output Low Voltage 
VOL 
IOL = SmA 
- 
- 
0.4 
V 


Parameter 
Symbol 
Test Conditions 
Typ. 
Max. 
Unit 


Input Capacitance 
Cin 
Vin = OV 
- 
TBD 
pF 


Output Capacitance 
Cout 
Vout = OV 
- 
TBD 
pF 


• 
AC CHARACTERISTICS 
(Ta = O°C to 70°C, 
Vee 
= 5 ± 10%) 


• Test Conditions 


• Input Pulse Levels: Vss to 3.0V 
• Input and Output Timing Reference Level: 1.5V 


• Input Rise and Fall Times: 5ns 
• Output Load: See Figure 
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HM63941-25 
HM63941-35 
HM63941-45 
Parameter 
Symbol 
Unit 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read Cycle Time 
tRC 
35 
- 
45 
- 
60 
- 
ns 


Access Time 
tA 
- 
25 
- 
35 
- 
45 
ns 


Read Recovery Time 
tRR 
10 
- 
10 
- 
15 
- 
ns 


Read Pulse Width 
tRPw 
25 
- 
35 
- 
45 
- 
ns 


Read Low to DB Low Z 
tRLZ 
5 
- 
5 
- 
10 
- 
ns 


Read High to DB High Z 
tRHZ 
- 
15 
- 
20 
- 
25 
ns 


Data Valid from Read High 
tOH 
5 
- 
5 
- 
5 
- 
ns 


HM63941-25 
HM63941-35 
HM63941-45 
Parameter 
Symbol 
Unit 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Cycle Time 
twc 
35 
- 
45 
- 
60 
- 
ns 


Write Recovery Time 
tWR 
10 
- 
10 
- 
15 
- 
ns 


Write Pulse Width 
twpw 
20 
- 
35 
- 
45 
- 
ns 


Data Setup Time 
tDS 
15 
- 
20 
- 
25 
- 
ns 


Data Hold Time 
tDH 
0 
- 
0 
- 
5 
- 
ns 


HM63941-25 
HM63941-35 
HM63941-45 
Parameter 
Symbol 
Unit 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Reset Cycle Time 
tRSC 
35 
- 
45 
- 
60 
- 
ns 


Reset Pulse Width 
tRS 
25 
- 
35 
- 
45 
- 
ns 


Reset Recovery Time 
tRSR 
10 
- 
10 
- 
15 
- 
ns 


HM63941-25 
HM63941-35 
HM63941-45 
Parameter 
Symbol 
Unit 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Retransmit 
Cycle Time 
tRTC 
35 
- 
45 
- 
60 
- 
ns 


Retransmit 
Pulse Width 
tRT 
20 
- 
35 
- 
45 
- 
ns 


Retransmit 
Recovery Time 
tRTR 
10 
- 
10 
- 
15 
- 
ns 


HM63941-25 
HM63941-35 
HM63941-45 
Parameter 
Symbol 
Unit 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Reset to Empty Flag Low 
tEFL 
- 
30 
- 
45 
- 
60 
ns 


Read Low to Empty Flag Low 
tREF 
- 
25 
- 
35 
- 
45 
ns 


Read High to Full Flag High 
tRFF 
- 
25 
- 
35 
- 
45 
ns 


Write High to Empty Flag High 
tWEF 
- 
25 
- 
35 
- 
45 
ns 


Write Low to Full Flag Low 
tWFF 
- 
25 
- 
35 
- 
45 
ns 


Write Low to Almost-Full 
Low 
tWAF 
- 
30 
- 
40 
- 
55 
ns 


Read High to Almost-Full 
High 
tRAF 
- 
30 
- 
40 
- 
55 
ns 
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HM63941-25/35/45 
---------------------------- 


SIGNAL DESCRIPTIONS 


Inputs 


• Reset (RS) 
The device is reset whenever 
RS input is taken to 
low state, for minimum 
reset pulse width. 
When 
device 
is reset, both read and write pointers 
are 


set to the first location. 
A reset cycle is required 
after power on. Both read enable (R) and write 
enable (W) inputs must be in the high state dur.!!!g 
reset. Empty fla9..1EF)will go low and full flag (FF) 
and almost-full 
(AF) will go high during reset cycle. 


• Write enable (IN) 
_ 


Write cycle is initiated 
at the falling 
edge of W, if 


the full flag (FF) is not set, provided that data set- 
up and hold time requirements 
relative to the ris- 


ing edge of rN) are met. Data is stored in the de- 
vice sequentially 
and independently 
of any simul- 


taneous read operation. 
To inhibit further write op- 
erations 
and 
prevent 
internal 
data overflow 
full 


flag (FF) will go low. 


• Read enable (R) 
Read cycle is initiated 
at the falling 
edge of R, if 


the empty flag (EF) is not set. Data is accessed 
on 


a first-in, first-out 
basis independently 
of simulta- 


neous write operation. 
As read enable 
(R) goes 


high, 
all outputs 
will 
return 
to high 
impedance 


state, till next read operation. 
After the last data 
has been read from the FIFO, the empty flag (EF) 
will go low, preventing 
further read operations 
with 
o"'!!!put kept in high impedance 
state. Empty flag 


(EF) will go high during a valid write cycle (tWEF), 
thereafter 
a valid read can start. 


• First load/retransmit 
(FURT) 


For depth expansion 
mode, this pin is grounded 
to 


indicate 
that it is the first device, while this pin of 


the rest of devices should connect 
to Vcc for cor- 


rect operation. 
In single device mode, this pin re- 


sets the read pointer to the beginning 
of the FIFO 


memory, 
therefore 
data can be reread from the 
beginning. 
Both R and IN should 
be kept high 


while RT is taken low. 


• Expansion-in 
(Xi) 
For 
single 
device 
mode 
expansion-in 
(XI) 
is 


grounded. 
For 
depth 
expansion 
mode, 
expansion-in 
Qill 
should 
be 
connected 
to 


expansion-out 
(XO) of previous 
device. 


• Data In (Do to Ds) 
Data inputs for 9-bit wide data. 


Outputs 


• Full Flag (FF) 


The full flag (FF) will go low when 
FIFO is full, 
inhibiting 
further 
write 
operations 
until 
one 
or 
more read operations 
are completed 
or the FIFO 


is reset. 


• Empty flag (EF) 


The empty 
flag (EF) will go low when the FIFO 


becomes 
empty, 
inhibiting 
further 
read 
opera- 


tions, until one or more write operations 
are com- 


pleted, or FIFO is set to retransmit. 


• Expansion-out 
(XO)/Almost-full 
flag (AF) 


This output has dual functionality 
depending 
how 


it 
is 
used. 
In de.£!!:! expansion 
configuration 


expansion-out 
(XO) 
is 
connected 
to 
next 


expansion-in 
(Xi). The expansion-out 
(XO) qLthe 


last FIFO is connected 
to the expansion-in 
(XI) of 


the first FIFO. In this way the first FIFO indicates 
the next FIFO that it will receive the next data. In 
like manner, any FIFO which becomes full will indi- 
cate the next FIFO that it will receive the next data. 
The 
second 
function 
of this 
output 
is in stand 


alone and/or parallel expansion 
configurations 
to 


indicate 
the system 
user that the FIFO is almost 


full. 


• Data outputs (00 to as) 
Data outputs 
for 9-bit wide data. These 
outputs 


are in high 
impedance 
state when R is in high 


state. 


• Single device mode 
_ 


If only one FIFO is used, the expansion-in 
(XI) pin 


should be grounded. 


• Width expansion 
mode 
Width 
expansion 
by 9-bit 
increments 
may 
be 


achieved 
when separately 
paralleling 
the data in- 


puts and the data outputs. 
In this configuration 


any flags 
of any device 
may be used. 
To avoid 


output contention 
of the flags for short periods 
of 


time, 
the flag 
outputs 
should 
not be wired 
to- 


gether. 


• Depth expansion 
mode 
Multiple of FIFOs could provide multiple of 4k x 9 
as (N) x (4k) by 9-bits wide, where N is the num- 
ber 
of 
FIFOs 
connected 
in depth 
expansion 


mode. 


The following 
arrangement 
must be provided. 


1. First load (FL) of the first FIFO should 
be con- 


nected to ground. 


2. All other (FL) should be connected 
to Vcc. 


3. Connect 
the expansion-out 
(XO) of each FIFO 


to e~nsion-in 
(Xi) of the....!:!extFIFO serially 


and XO of the last FIFO to XI of the first FIFO. 


4. Connect 
all the empty flag (EF) t.£gether to OR 


gate and connect all the full flag (FF) together to 
OR gate to obtain two separate valid empty flag 
(EF) and full flag (FF) outputs. 


5. (RT) and (AF) will not be available 
in this mode. 


• Compound 
expansion 
mode 
Combination 
of 
width 
and 
depth 
expansion 


modes will provide larger FIFO arrays. 
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• 
TIMING WAVEFORM 


• Read Cycle 


NOTES: 
I. W = R = VIH during 
reset. 


2. IRse = IRST, IRSR. 
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Additional 
reads 


~ 
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Section 2 
Cache Static RAM 
and 
Fast SRAM Modules 
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HM62A 168/HM62A 
188 SerieS-Preliminary 


Direct Mapped 
8,192-Word 
x 16/18·Bit 
2-Way 4,096-Word 
x 16118-Bit Static Cache RAM 


• 
DESCRIPTION 


The Hitachi 
HM62A 168/HM62A 188 is a high speed 
128/144-kbit 
static cache RAM organized 
as 2-way set associative 
4k x 16/18 or 
direct mapped 8k x 16/18. By using two HM62A 168/HM62A 188 with 
Intel's 82385 cache controller 
a high performance 
80386 system can 
be achieved. 


The HM62A 168/HM62A 188, packaged 
in a 52-pin PLCC is availa- 
ble for high density 
mounting . 


• 
FEATURES 


• Meets INTEL 82385 cache memory 
controller 
• High Speed 
Access Time 
25/35/45ns 
(max.) 
• Address 
Latch 
• Pin Programmable 
for 8k x 16/18 or 2-Way 4k x 
16/18 


Type No. 
Access 
Package 


HM62168CP-25 
25ns 


HM62168CP-35 
35ns 
52-pin PLCC 


HM62168CP-45 
45ns 


HM62188CP-25 
25ns 
HM62188CP-35 
35ns 
52-pin PLCC 
HM62188CP-45 
45ns 


• 
BLOCK DIAGRAM 
Topology Two-Way Set Associative 
(MODE = Logic Low) 


Way A 


OOEA 


COEB 


CWEA 


eWEB 


A12 


AD 
\ 
All 


Pin Name 
Function 


CALEN 
Cache Address 
Latch Enable 


MODE 
Mode Select 


Ao to A'2 
Address 


CSo, CS, 
Cache Chip Select 


COEA,COEB 
Cache Output 
Enable 


CWEA,CWEB 
Cache Write 
Enable 


Do to DI5 
Data Input/Output 


CE 
Cache Chip Enable 


NC/DPo, 
DP, 
No connection 


Parity Input/Output 


Al 
A2. A3 
M 
AS 1.6 V CALENA7 
M 
A9 1110 A11 


Al 
6 
5 
4 
3 
2 
1 
~ 
51 ~ 
~ 
~ 
Q 


M 
« 
1112 
~ 
~ ~ 


V. 
10 
44 


DO 
11 
.u 


01 
12 
~ 


02 
13 
41 


00 
14 
40 


V. 
15 
Jg 


D4 
16 
38 


05 
17 
37 


~ 
18 
~ 


07 
10 
3S 


NQt}PO 
20 
34 
21 
22 
23 
24 
25 
26 21 
28 
29 
30 
31 
32 
33 


Vc:c Vce cso 
CWEA Vse VssCOEA 
CST 
Va: 
Va;; 


~ 
~ 
MOllE 


(Top View) 
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• 
FUNCTION 
TABLE 


• Two-Way Mode (Mode 
= High) 2-4K 
x 16/18 


Input Signal 
I/O Pin 
Function 
CE 
CSo 
CS1 
COEA 
COEB 
CWEA 
CWEB 
Do-D7IDPO 
Dg-DJ5IDP1 


H 
X 
X 
X 
X 
X 
X 
High-Z 
High-Z 
Disabled 


X 
H 
H 
X 
X 
X 
X 
High-Z 
High-Z 
Disabled 
L 
L 
H 
L 
H 
H 
H 
Output 
High-Z 
Read Way A 
L 
L 
H 
H 
L 
H 
H 
Output 
High-Z 
Read Way B 
L 
H 
L 
L 
H 
H 
H 
High-Z 
Output 
Read Way A 
L 
H 
L 
H 
L 
H 
H 
High-Z 
Output 
Read Way B 
L 
L 
L 
L 
H 
H 
H 
Output 
Output 
Read Way A 
L 
L 
L 
H 
L 
H 
H 
Output 
Output 
Read Way B 
L 
L 
H 
X 
X 
L 
H 
Input 
High-Z 
Write Way A 
L 
L 
H 
X 
X 
H 
L 
Input 
High-Z 
Write Way B 
L 
H 
L 
X 
X 
L 
H 
High-Z 
Input 
Write Way A 
L 
H 
L 
X 
X 
H 
L 
High-Z 
Input 
Write Way B 
L 
L 
L 
X 
X 
L 
H 
Input 
Input 
Write Way A 
L 
L 
L 
X 
X 
H 
L 
Input 
Input 
Write Way B 
L 
L 
H 
X 
X 
L 
L 
Input 
High-Z 
Write Way A & B 
L 
H 
L 
X 
X 
L 
L 
High-Z 
Input 
Write Way A & B 
L 
L 
L 
X 
X 
L 
L 
Input 
Input 
Write Way A & B 


Input Signal 
I/O Pin 


Function 
CE 
CSo 
CS1 
COEA 
COEB 
CWEA 
CWEB 
Do-D7IDPO 
Dg-DI5IDP1 
H 
X 
X 
X 
X 
X 
X 
High-Z 
High-Z 
Disabled 


X 
H 
H 
X 
X 
X 
X 
High-Z 
High-Z 
Disabled 


X 
X 
X 
H 
H 
X 
X 
High-Z 
High-Z 
Disabled 
L 
L 
H 
L 
L 
H 
H 
Output 
High-Z 
Read Do to D7 
L 
H 
L 
L 
L 
H 
H 
High-Z 
Output 
Read Dg to DI5 
L 
L 
L 
L 
L 
H 
H 
Output 
Output 
Read Do to D 15 
L 
L 
H 
X 
X 
L 
L 
Input 
High-Z 
Write Do to D7 
L 
H 
L 
X 
X 
L 
L 
High-Z 
Input 
Write Dg to DI5 
L 
L 
L 
X 
X 
L 
L 
Input 
Input 
Write Do to DI5 


Item 
Symbol 
Value 
Unit 


Voltage on Any Pin Relative to V55 
Vin 
-0.5(1) to +7.0 
V 


Power Dissipation 
PT 
1.2 
W 


Operating 
Temperature 
Range 
Toor 
o to +70 
°C 


Storage Temperature 
Range 
T"g 
-55 to + 125 
°C 


Storage Temperature 
Range Under Bias 
Tbias 
-10 to +85 
°C 
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Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Vee 
4.5 
5.0 
5.5 
V 
Supply Voltage 


Vss 
0 
0 
0 
V 


Input High (Logic I) Voltage 
VIH 
2.2 
- 
Vee + 0.3 
V 


Input Low (Logic 0) Voltage 
VIL 
-0.3(1) 
- 
0.8 
V 


Parameter 
Symbol 
Test Condition 
Min. 
Typ.(I) 
Max. 
Unit 


Input Leakage Current 
III 
Vee = Max., 
Vin = Vss to Vee 
- 
- 
2.0 
p.A 


Output Leakage Current 
ILO 
CS = V1H 
- 
- 
10.0 
p.A 
VI/a = Vss to Vee 


Operating 
Power Supply Current 
Ice 
Vin = OV/Vee, 
II/a = OmA 
- 
- 
220 
mA 
Min. Cycle, Duty = 100% 


Output Low Voltage 
VOL 
IOL = 4mA 
- 
- 
0.4 
V 


Output High Voltage 
VOH 
IOH = -I.OmA 
2.4 
- 
- 
V 


Parameter 
Symbol 
Max. 
Max. 
Unit 
Test Conditions 


Input Capacitance 
Cin 
- 
6 
pF 
Vin = OV 


Input/Output 
Capacitance 
CI/O 
- 
10 
pF 
Vila = OV 


• 
AC CHARACTERISTICS 
(Ta = 0 to 70°C, Vee = 5V ± 10%, unless otherwise 
noted.) 


• Test Conditions 


• Input Pulse Levels: Vss to 3.0V 
• Input and Output Timing Reference 
Levels: 1.5V 


• Input Rise and Fall Times: 3ns 
• Output Load: See Figures 
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HM62168-25 
HM62168-35 
HM62168-45 
Parameter 
Symbol 
HM62188-25 
HM62188-35 
HM62188-45 
Unit 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read Cycle Time 
tRC 
25 
- 
35 
- 
45 
- 
ns 


Address Access Time 
tAA 
- 
25 
- 
35 
- 
45 
ns 


A 12Address Access Time 
tAI2 
- 
17 
- 
25 
- 
30 
ns 


Chip Select Access Time 
tes, teE 
- 
20 
- 
25 
- 
30 
ns 


Output Enable to Output Valid 
toE 
- 
10 
- 
13 
- 
16 
ns 


Output Hold from Address Change 
tOH 
3 
- 
3 
- 
3 
- 
ns 


Chip Select to Output Low-Z 
tLZ 
3 
- 
3 
- 
3 
- 
ns 


Output Enable to Output Low-Z 
toLZ 
2 
- 
2 
- 
2 
- 
ns 


Chip Deselect to Output in High-Z 
tHZ 
- 
15 
- 
25 
- 
30 
ns 


Output Disable to Output High-Z 
toHZ 
- 
10 
- 
14 
- 
14 
ns 


Address Latch Enable Pulse Width 
tCALEN 
8 
- 
10 
- 
15 
- 
ns 


Address Setup to Latch Low 
tASL 
4 
- 
6 
- 
10 
- 
ns 


Address Hold to Latch Low 
tAHL 
5 
- 
5 
- 
5 
- 
ns 


External Address 
Valid 


lAA 


IA12 


DouV 
DPO. DP1 
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Dout/ 
DPO, DP1 


Address AD-A 11 Valid 


tM 


Dout/ 
DPO. DP1 


'I. 
/ 
/ 
, 
/ 
tASL 
tAHL 


tRC 
) 
External Address 
Valid 
)/ 


"- 
, 


tM 


tM2, 
/ 
tcs 
tHZ 
tCE 


tLZ 
~K. 
/1£'" 


tOLZ 
tOHz 


~/ 
Data Valid , 
"-/' 
/ 
tOE 


~HITACHI 


Hitachi America, Ltd.• Hitachi Plaza. 2000 Sierra Point Pkwy.• Brisbane,CA94005-1819. (415)589-8300 
315 


HM62168-25 
HM62168-35 
HM62168-45 
Parameter 
Symbol 
HM62188-25 
HM62188-35 
HM62188-45 
Unit 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Cycle Time 
twe 
25 
- 
35 
- 
45 
- 
ns 


Address Valid to End of Write 
tAw 
18 
- 
25 
- 
40 
- 
ns 


AI2 Valid to End of Write 
tAI2W 
18 
- 
25 
- 
40 
- 
ns 


Chip Select to End of Write 
tew 
18 
- 
25 
- 
30 
- 
ns 


Data Valid to End of Write 
tDw 
10 
- 
10 
- 
15 
- 
ns 


Data Hold from End of Write 
tDH 
0 
- 
0 
- 
0 
- 
ns 


Write Enable Active to High-Z 
tWHZ 
- 
15 
- 
15 
- 
20 
ns 


Write Enable Inactive to Low-Z 
tWLZ 
3 
- 
3 
- 
3 
- 
ns 


Write Pulse Width 
twP 
18 
- 
25 
- 
30 
- 
ns 


CE Pulse Width During Chip Enable 
tep 
18 
- 
25 
- 
30 
- 
ns 
Controlled 
Write 


Address Setup Time 
tAS 
0 
- 
0 
- 
0 
- 
ns 


Write Recovery Time 
tWR 
0 
- 
0 
- 
2 
- 
ns 


Address Latch Enable Pulse Width 
teALEN 
8 
- 
10 
- 
15 
- 
ns 


Address Setup to Latch Low 
tASL 
4 
- 
6 
- 
10 
- 
ns 


Address Hold to Latch Low 
tAHL 
5 
- 
5 
- 
5 
- 
ns 
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CALEN 
tASL 
tAHL 


twc 


Address 
External Address 
Valid 


tAW 


tA12W 
tWR 
tcp 


CE 


WE 


Din/ 
b 
DPO,DP1 
Data Valid 
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Din/ 
DPO. DP1 


External Address 
Valid 


tAw 


tA12W 
tcp 
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HM67C932 
SerieS-Preliminary 


8,192-Word 
x 9-Bit 
x 4-Row Static Cache RAM 


• 
DESCRIPTION 


The Hitachi HM67C932 
is a high speed 288-kbit static cache RAM 
organized 
as 4-way set associative 
8k x 9 or direct mapped 32k x 9 
with 4-row selector 
for burst mode. By using HM67C932 
with high 
speed standard 
microprocessors 
a high performance 
computer 
sys- 


tem can be achieved. 


The HM67C932, 
packaged 
in a 44-pin PLCC is available for high 
density 
mounting . 


• 
FEATURES 


• For High Speed Standard 
Microprocessors 
• High Speed Access Capability 
with Lower 2-address 
by Selector 
• Pipeline Access Capability with On Chip Address and Row Latches 


(Edge Trigger Type Row Latch)' 


• On Chip Parity Generator 
and Checker 
• Organization 
288-kbit (8-kw 
x 9 bit x 4 row) 
• Drivability 
for Heavy Load (CL = 100 pF) 6. 


• PLCC 44-pin 
• TIL 1/0 


Type No. 


HM67C932CP-20 
HM67C932CP-25 
20ns 
25ns 


Item 
Spec. 
Remarks 


Address Access Time (max.) 
20/25ns 
Access 
Row Select Access Time (max.) 
10113ns 
CL = lOOpF£ 
Time 
OE Access Time (max.) 
IOI13ns 


Cycle Time (min.) 
25/30ns 
Clock Frequency 
33 - 40 MHz 


Power Dissipation (typ.) 
0.8W 
Vcc = 5.0V 


!eyC = 60ns 


A.1A1.MMALEVa:YteMMM1D 


• 
, 
4 
, 
t 
t 
44 a 42 
4140 


~ 
» 


A1 
~ 


A. 
37 


NC 
10 
,. 


Vee 
11 
35 


FU 
12 
'4 


R. 
" 
" 


R1 
14 
U 


1.0. 
16 
31 


1.01 
I' 
30 


Veto 
17 
2. 


1'1' 
20 21 n 
23 24 
25 21 
27 
2tI 


Pin Name 
Function 


ALE 
Address Latch Enable 


Ao-A12 
Address 


RLE 
Row Latch Enable 


(Edge Trigger) 


Ro-R, 
Row 


1/00-1/07 
Data InputlOutput 


1/08 
Data InputlOutput 
(Even Parity) 


CS 
Chip Select 


WE 
Write Enable 


OE 
Output Enable 


PC 
Parity Control 


PError 
Parity Error Output 
(Open Drain) 


Vcc 
Power 


Vss 
Ground 


VCCQ 


Power 


(For Output Transistors) 


VssQ 
Ground 


(For Output Transistors) 
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Address 


WE 
Dout 


8k word X 9 bit 


Ro.! 
8lii 
OJ 
...J 
'S0.. 


RLE 
.E 


• Edge Trigger 
PC 


CS 
• 


~ 
•• Open drain 


• 
FUNCTION 
TABLE 


• Truth Table 


CS 
OE WE 
PC 
Mode 
Vcc Current 
I/O Pin 
PError Pin 
Ref. Cycle 


H 
X 
X 
X 
Not Selected 
ISH. ISH! 
High Z 
HighZ 


L 
H 
H 
X 
Output Disabled 
Icc.lcCl 
High Z 
HighZ 


L 
L 
H 
X 
Read 
Icc.lcCl 
Dou! 
High Z or L (Error) 
Read Cycle No. I. 2 


L 
H 
L 
L 
Write 
ICC.ICCI 
Din 
High Z 
Write Cycle No. 1-5 


L 
L 
L 
L 
Write 
Icc.ICC! 
Din 
High Z 
Write Cycle No.6. 
7 


L 
H 
L 
H 
Write (Parity Generate) 
Icc.lcCl 
Din(l) 
High Z 
Write Cycle No. I 


L 
L 
L 
H 
Write (Parity Generate) 
Icc.lcCl 
Din(!) 
High Z 


• Input Latch Table 


• Address Latch 


ALE 
Mode 
Latch Output 


H 
Load 
Address Input 


L 
Hold 
Previous Address 


RLE 
Mode 
Latch Output 


t 
Load 
Row Input 


H or L 
Hold 
Previous Row 
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Item 
Symbol 
Rating 
Unit 


Voltage on Any Pin Relative to VSS 
VT 
-0.5 to +7.0 
V 


Operating 
Temperature 
Range 
Tonr 
o to +70 
°C 


Storage Temperature 
Range (With Bias) 
TSlvlbiasl 
-10 to +S5 
°C 


Storage Temperature 
Range 
Ts1• 
-55 to +125 
°C 


Item 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Vee 
4.5 
5.0 
5.5 
V 
Supply Voltage 


Vss 
0 
0 
0 
V 


V1H 
2.2 
- 
Vee 
+ 0.5 
V 


Input Voltage 
V1L 
-0.5(1) 
0.8 
V 
- 


Item 
Symbol 
Test Conditions 
Min. 
Typ. 
Max. 
Unit 


Input Leakage Current 
ILl 
Vee = 5.5V, V1N = Vss to Vee 
- 
- 
2 
p.A 


Output Leakage Current 
lLO 
CS = VIHorOE 
= VIHor 
- 
- 
10 
p.A 
WE = V1L, VI/O = Vss to Vee 


Operating 
Power Supply Current 
Ice 
CS = V1L, 11/0 = OmA 
- 
- 
TED 
mA 


Average Operating 
Current 
Ice I 
Min. Cycle, Duty: 
100%,11/0 = OmA 
- 
- 
TBD 
mA 


ISB 
CS = VIH 
- 
- 
TBD 
mA 


Standby Power Supply Current 
ISB1 
CS ~ Vee - 0.2V 
TBD 
mA 
V1N :5 0.2V or V1N ~ Vee - 0.2V 
- 
- 


Output Low Voltage 
VOL(I) 
IOL = 16mA 
- 
- 
0.4 
V 


IOH = -SmA 
2.4 
- 
- 
V 
Output High Voltage 
VOH 
IOH = -IOOp.A 
2.7 
V 
- 
- 


Item 
Symbol 
Test Conditions 
Min. 
Typ. 
Max. 
Unit 


Input Capacitance 
Cin 
Vin = OV 
- 
- 
6 
pF 


Input/Output 
Capacitance 
CI/O 
VI/O = OV 
- 
- 
10 
pF 


Output Capacitance 
(PError) 
COU1 
VOUl= OV 
- 
- 
10 
pF 
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• 
AC CHARACTERISTICS 
(Vcc = 5V ± 10%, Ta = 0 to +70°C) 


• AC Test Conditions 


• Input Pulse Levels: O.4V to 2.4V 
• Input Timing Reference 
Levels: 0.8V, 2.0V 
• Output Timing Reference 
Levels: VOL = 0.8V, 


VOH = 2.0V 


• Input Rise and Fall Times: 4ns 
• Output Load: See Figure 


Output Load B 


(for 
!cHZ' 
tWHZ' 10HZ' !cLZ' 
low & IoLV 


~ 


+5V 


2870 
PError tso,~ 


7TT 


~ 


+5V 


287f1 
PError 
T 
5PF 
• 


7TT 


Output Load D 


(for tAPH' tLEPH' tRPH' !cPH & IoPH) 
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HM67C932-20& 
HM67C932-25 
Item 
Symbol 
Unit 
Min. 
Max. 
Min. 
Max. 


Read Cycle Time 
tRC 
25 
- 
30 
- 
ns 


Row Selector Read Cycle Time 
tRCR 
15 
- 
&18 
- 
ns 


Address Latch Enable Pulse Width 
tLEw 
5 
- 
7 
- 
ns 


Address Latch Enable Setup Time 
tLES 
3 
- 
5 
- 
ns 


Address Latch Enable Hold Time 
tLEH 
3 
- 
3 
- 
ns 


Row Latch Enable Pulse Width 
tREW 
5 
- 
7 
- 
ns 


Row Latch Enable Setup Time 
tRES 
3 
- 
5 
- 
ns 


Row Latch Enable Hold Time 
tREH 
3 
- 
3 
- 
ns 


Address Access Time 
tAA 
- 
20 
- 
25 
ns 


Output Hold from Address Change 
toH 
5 
- 
5 
0 
- 


Address Latch Enable Access Time 
tALE 
- 
20 
- 
25 
ns 


Output Hold from End of Address Latch Hold 
toLEH 
5 
- 
5 
- 
ns 


Row Selector Access Time 
tRA 
- 
10 
- 
13 
ns 


Output Hold from Row Selector Change 
tORH 
0 
- 
0 
- 
ns 


Chip Select Access Time 
tACS 
- 
20 
- 
25 
ns 


Chip Selection to Output in Low Z 
!eLZ(I), (3) 
0 
- 
0 
- 
ns 


Chip Deselection 
to Output in High Z 
!eHZ(1), (3) 
0 
8 
0 
10 
ns 


Output Enable to Output Valid 
toE 
0 
10 
0 
13 
ns 


Output Enable to Output in Low Z 
toLZ(I), (3) 
0 
- 
0 
- 
ns 


Output Disable to Output in High Z 
toHZ(I), (3) 
0 
8 
0 
10 
ns 


Address to Parity Error Valid 
tAPE 
- 
25 
- 
30 
ns 


Address Change to Parity Error in High Z 
tAPH(2),(3) 
5 
- 
5 
- 
ns 


Address Latch Enable to Parity Error Valid 
tLEPE 
- 
25 
- 
30 
ns 


End of Address Latch Hold to Parity Error in High Z 
tLEPH(2),(3) 
5 
- 
5 
- 
ns 


Row Selector to Parity Error Valid 
tRPE 
- 
15 
- 
18 
ns 


Row Selector Change to Parity Error in High Z 
tRPH(2),(3) 
3 
- 
&3 
- 
ns 


Chip Selection to Parity Error Valid 
!ePE 
- 
25 
- 
30 
ns 


Chip Deselection 
to Parity Error in High Z 
!ePH(2), (3) 
0 
- 
0 
- 
ns 


Output Enable to Parity Error Valid 
toPE 
- 
15 
- 
18 
ns 


Output Disable to Parity Error in High Z 
toPH(2), (3) 
0 
- 
0 
- 
ns 


NOTES: 
I. Transition 
is measured 
± 200m V from steady state voltage with Load B. 


2. Transition 
is measured 
± 200m V from steady state voltage with Load D. 


3. 
This parameter 
is sampled 
and not 100% tested. 


~HITACHI 


Hitachi America, Ltd .• 
Hitachi Plaza· 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 
323 


• 


• Timing Waveform of Read Cycle NO.1 
(Cache Read Cycle) (1) 


tRC 


Row 


OE 


tOE 


tOLZ 


CS 


tRA 


tACS 


tClZ 


tAA 


tALE 


Dout 


High Impedance 


tCPE 


tAPE 


tlEPE 
tCPH 


PError 


High Impedance 
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IAPH 


ILEPH 


PError 
PreviousPErrorValid 


NOTES: 
l. WE = VIH, pc: Do not care 
2. CS = VIL, OE = VIL 
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HM67C932-20 
HM67C932-25 
Item 
Symbol 
Unit 
Min. 
Max. 
Min. 
Max. 


Write Cycle Time 
twe 
25 
- 
30 
- 
ns 


Chip Selection to End of Write 
tew 
15 
- 
20 
- 
ns 


Address Setup Time 
tAS 
0 
- 
0 
- 
ns 


Address Latch Enable Setup Time 
tALES 
0 
- 
0 
- 
ns 


Row Selector Setup Time 
tRS 
0 
- 
0 
- 
ns 


Address Valid to End of Write 
tAW 
15 
- 
20 
- 
ns 


Write Pulse Width 
twP 
12 
- 
15 
- 
ns 


Write Recovery Time 
tWR 
3 
- 
3 
- 
ns 


Write Recovery to End of Address Latch Hold 
tLEwR 
3 
- 
3 
- 
ns 


Write Recovery to Row Selector Change 
tRwR 
5 
- 
5 
- 
ns 


Write to Output in High Z 
tWHZ(I),(2) 
0 
8 
0 
10 
ns 


Data Valid to End of Write 
tDw 
8 
- 
10 
- 
ns 


Data Valid to End of Write (Parity Generate Mode) 
tDW2 
12 
- 
15 
- 
ns 


Data Hold Time 
tDH 
0 
- 
0 
- 
ns 


Output Active from End of Write 
toW(I),(2) 
0 
- 
0 
- 
ns 


Parity Control Setup Time 
tpw 
12 
- 
15 
- 
ns 


Parity Control Hold Time 
tPH 
0 
- 
0 
- 
ns 


NOTES: 
I. Transition is measured 
±200mV 
from steady state voltage with Load B. 


2. This parameter is sampled and not 100% tested. 


~HITACHI 


326 
Hitachi America, Ltd.• Hitachi Plaza. 
2000 Sierra Point Pkwy.• 
Brisbane, CA94005-1819 • (415) 589-8300 


NOTES: 
1. CS = VIL. PError: 
Do not care. 


2. 018 input is not cared with parity generate 
mode. 
Parity of written 
data is not checked. 
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• Timing Waveform of Write Cycle No.2 
(DE: 
H, WE Controlled) (7) 


twe 


Dout 


• Timing Waveform of Write Cycle No.3 
(DE: 
H, CS Controlled) (7) 
twe 
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tOHZ·2 


High Impedance 


~HITACHI 


Hitachi America, Ltd.• 
Hitachi Plaza· 
2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 
329 


HM67C932 
Series ------------------------------ 


• Timing Waveform of Write Cycle No.5 
(OE = Clocked, CS Controlled) (7) 
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1. A write occurs during the overlap 
(twp) of a low CS and a low WE. 


2. During 
this period, 
I/O pins are in the output state so that the input signals of opposite 
phase to the outputs 
must not 
be applied. 


3. Output data is the same phase of write data of this write cycle. 


4. 
If the CS low transition 
occurs after the WE low transition, 
output 
remains 
in a high impedance 
state. 


5. 
If CS is low during this period, 
I/O pins are in the output state. Then, 
the data input signals of opposite 
phase to the 


outputs 
must not be applied 
to them. 


6. 
If CS low transition 
occurs simultaneously 
with the OE high transition 
or after the OE transition, 
output 
remains 
in 
high impedance 
state. 


7. 
ALE = VIH, PC = VIL, PError: 
Do not care. 
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HB66B1616A-25/35 


16,384-Word 
x 16-Bit High Speed 
Static 
RAM Module 


• 
DESCRIPTION 


The HB66B1616A 
is a high speed 16K x 16 Static RAM module, 
mounted 4 pieces of 64K bit SRAM (HM6289JP) 
sealed in SOJ pack- 
age. An outline 
of the HB66B1616A 
is 36-pin dual in-line package. 
Therefore, 
the HB66B1616A 
makes high density 
mounting 
possible 
without 
surface 
mount technology. 
The HB66B1616A 
provides com- 
mon data inputs and outputs. 
Its module 
board has decoupling 
ca- 
pacitors to reduce noise. 


• 
FEATURES 


• Single 5V (± 5%) Supply 
• High Speed 
Access Time 
25/35ns (max.) 
• Low Power Dissipation 
Active Mode 
1200mW typo 
Standby 
Mode 
300mW typo (TTL level) 
O.4mW typo (CMOS level) 
• Equal Access and Cycle Time 
• Completely 
Static RAM 
No Clock or Timing 
Strobe Required 
• Directly TTL Compatible: 
All Inputs and Outputs 


Part No. 


HB66B1616A-25 
HB66B1616A-35 


Package 


36-pin dual in-line 
leaded type 


25ns 
35ns 


36pin 


~ 


DOo 
1 
001 
2 
002 
3 
003 
4 
Ao 
5 
Al 
6 
A2 
7 
A3 
8 
A4 
9 


As 10 
A611 


A712 
00413 
00514 
D0615 
00716 
CS 
17 


GND 
18 


36 Vcc 
35 0015 
34 0014 
33 0013 
32 0012 
31 GND 


30 
A13 


29 
A12 
28 
All 


27 
Al0 
26 
Ag 


25 As 
24 0011 
23 0010 
22 DOg 
21 DOs 
20 WE 
19 OE 


Pin Name 
Function 


Ao - 
A13 
Address Input 


DQo - 
DQl5 
Data-in, 
Data-out 


CS 
Chip Select 


WE 
Write Enable 


OE 
Output Enable 


Vcc 
Power Supply (+ 5V) 


GND 
Ground 
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DE 
CS 


DQO 
DQ1 
DQ2 
DQ3 


DQ4 
DQ5 
DQS 
DQl 


DQ8 
DQ9 
Q10 
DQ11 


DQ12 
DQ13 
DQ14 
DQ15 


-- 
I 
I 
- 
- 
1/01 CS 
DE 
1/02 
1/03 
MO 
- 
1/04 
I 
I 
- 
- 
1/01 CS 
DE 
1/02 
1/03 
M1 
1/04 
I 
I 
- 
1/01 CS 
DE 
1/02 
1/03 
M2 
- 
1/04 
- 
I 
I 
- 
1/01 - 
- 
- 
CS 
DE 


1/02 
.- 
1/03 
M3 
- 
1/04 


AO-A13 
•..•------ 
•. MO-M3 


WE 
•..•------ 
•. MO-M3 


Vcc 
• 
---.l- 
••MO-M3 
CO-C5 


--,-- 
•. MO-M3 
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Parameter 
Symbol 
Value 
Unit 


Voltage on Any Pin Relative to VSS 
Vin 
-0.5(1) to +7.0 
V 


Power Dissipation 
PT 
4.0 
W 


Operating 
Temperature 
Range 
ToOT 
o to +70 
°C 


Storage Temperature 
Range 
TS12 
-55 to + 125 
°C 


Storage Temperature 
Range Under Bias 
Tbias 
-10 to +S5 
°C 


CS 
OE 
WE 
Mode 
Vee Current 
I/O Pin 
Ref. Cycle 


H 
X 
X 
Not Selected 
ISB' ISB1 
High-Z 
- 


L 
L 
H 
Read 
Ice 
Dou! 
Read Cycle (1-3) 


L 
H 
L 
Write 
Ice 
Din 
Write Cycle (I) (2) 


L 
L 
L 
Write 
Ice 
Din 
Write Cycle (3-6) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Vee 
4.75 
5.0 
5.25 
V 
Supply Voltage 


Vss 
0.0 
0.0 
0.0 
V 


Input High (Logic I) Voltage 
V1H 
2.2 
- 
6.0 
V 


Input Low (Logic 0) Voltage 
VIL 
-0.5(1) 
- 
O.S 
V 


Parameter 
Symbol 
Test Condition 
Min. 
Typ.(I) 
Max. 
Unit 


Input Leakage Current 
ILl 
Vee 
= Max., 
Vin = Vss to Vee 
-10 
- 
10 
p.A 


Output Leakage Current 
lLO 
CS = VIH, VI/O = Vss to Vee 
-2 
- 
2 
p.A 


Operating 
Power Supply Current 
Ice 
CS = VIL, 11/0 = OmA 
- 
240 
4S0 
mA 
Min. Cycle 


Standby Power Supply Current 
ISB 
CS = VIH Min. Cycle 
- 
60 
120 
mA 


CS = ~ Vec -0.2V 


Standby Power Supply Current 
(I) 
ISB1 
OV :5 Vin :5 0.2V or 
- 
O.OS 
S 
mA 


Vin ~ Vee -0.2V 


Output High Voltage 
VOH 
10H =-4mA 
2.4 
- 
- 
V 
Output Low Voltage 
VOL 
IOL = SmA 
- 
- 
0.4 
V 


Parameter 
Symbol 
Test Conditions 
Min. 
Max. 
Unit 


Input Capacitance 
(Address, 
CS, OE, WE) 
Cin 
Vin = OV 
- 
35 
pF 
Input/Output 
Capacitance 
(DQ) 
CI/O 
VI/O = OV 
- 
I5 
pF 
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• 
AC CHARACTERISTICS 
(Ta = 0 to 70°C, 
VCC = 5V ± 5%, unless otherwise 
noted.) 


• Test Conditions 


• Input Pulse Levels: Vss to 3.0V 
• Input and Output Timing Reference 
Levels: 1.5V 


• Input Rise and Fall Times: 5ns 
• Output Load: See Figures 


+5V 


480Q 


Output Load A 


'Including scope and jig capacitance. 


Output Load B 
(for teHZ,tCLZ,toHZ.tOLZ.tWHZ& tow) 


HB66B16l6A-25 
HB66BI616A-35 
Parameter 
Symbol 
Unit 
Min. 
Max. 
Min. 
Max. 


Read Cycle Time 
tRC 
25 
- 
35 
- 
ns 


Address Access Time 
tAA 
- 
25 
- 
35 
ns 


Chip Select Access Time 
tACS 
- 
25 
- 
35 
ns 


Chip Selection to Output in Low-Z 
tCLZ(I) 
5 
- 
5 
- 
ns 


Output Enable to Output Valid 
tOE 
- 
12 
- 
15 
ns 


Output Enable to Output in Low-Z 
toLZ(I) 
0 
- 
0 
- 
ns 


Chip Deselection 
to Output in High-Z 
lcHZ(I) 
0 
12 
0 
20 
ns 


Chip Disable to Output in High-Z 
toHZ(I) 
0 
10 
0 
10 
ns 


Output Hold from Address Change 
toH 
3 
- 
5 
- 
ns 


Chip Selection to Power Up Time 
tpu 
0 
- 
0 
- 
ns 


Chip Deselection 
to Power Down Time 
tpD 
- 
25 
- 
30 
ns 


NOTE: 
I. Output transition is measured ±200mV from steady state voltage with Load (B). 


This parameter is sampled and not 100%tested. 
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tOE 
tOll 


tACS 


tCLl 


Vccsupply 
current 


NOTES: 
I. WE is high for read cycle. 


2. Device 
is continuously 
selected, 
CS = VIL. 


3. Address 
valid prior to or coincident 
with CS transition 
low. 


4. OE = VIL. 
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HB66B1616A-25 
HB66B 1616A-35 
Parameter 
Symbol 
Unit 
Min. 
Max. 
Min. 
Max. 


Write Cycle Time 
twe 
25 
- 
35 
- 
ns 


Chip Selection to End of Write 
tew 
20 
- 
30 
- 
ns 


Address Valid to End of Write 
tAW 
20 
- 
30 
- 
ns 


Address Setup Time 
tAS 
0 
- 
0 
- 
ns 


Write Pulse Width 
twp 
20 
- 
30 
- 
ns 


Write Recovery Time 
tWR 
0 
- 
0 
- 
ns 


Output Disable to Output in High-Z 
IoHz(l) 
0 
10 
0 
10 
ns 


Write to Output in High-Z 
tWHZ(I) 
0 
8 
0 
10 
ns 


Data to Write Time Overlap 
tDw 
12 
- 
20 
- 
ns 


Data Hold from Write Time 
tDH 
0 
- 
0 
- 
ns 


Output Active from End of Write 
tow(l) 
5 
- 
5 
- 
ns 


NOTE: 
I. Output transition is measured ±200mV from steady state voltage with Load (B). 
This parameter is sampled and not lOO % tested. 
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tAW 


tcw 


OE 


tcw 


CS 


tAW 


twp'1 


WE 


tOLZ 


Dout 
High Impedance 


'3 


tow 
tOH 


Din 
Data Valid 
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~~ 


High Impedance 
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CS 


twp·1 
WE 


too 


High Impedance 
tow 


Dout 
·6 


tow 
tOH 


High Impedance 
Data Valid 
·5 
Din 
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NOTES: 
I. A write occurs during the overlap of a low CS and a low WE (twp). 


2. tWR is measured 
from the earlier 
of CS or WE going high to the end of write cycle. 


3. During 
this period, 
I/O pins are in the output state so that the input signals of opposite 
phase to the output 
must not be 
applied. 


4. If the CS low transition 
occurs simultaneously 
with the WE low transition 
or after the WE transition, 
the output 
buffers 
remain 
in a high impedance 
state. 


5. If CS is low during this period, 
I/O pins are in the output state after tow. Then the data input signals of opposite 
phase 
to the outputs 
must not be applied 
to them. 


6. Dout is the same phase of write data of this write cycle, 
if tWR is long enough. 


7. If the CS low transition 
occurs simultaneously 
with the OE high transition 
or after the OE transition, 
the output 
buffers 
remain 
in a high impedance 
state. 
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HB66A2568A-25/35 


262,144-Word 
x 8-Bit High Speed Static RAM Module 


• 
DESCRIPTION 


The HB66A2568A 
is a high speed 256K x 8 Static RAM module, 


mounted 
8 pieces of 256K bit SRAM (HM6207HJP) 
sealed 
in SOJ 


package. 
An outline 
of the 
HB66A2568A 
is 60-pin 
zigzag 
in-line 


package. Therefore, 
the HB66A2568A 
makes high density mounting 


possible 
without 
surface 
mount technology. 
The HB66A2568A 
pro- 


vides separate data inputs and output. Its module board has decoup- 
ling capacitors 
to reduce noise. 


• 
FEATURES 


• Single 5V (± 
10%) Supply 


• High Speed 


Access Time 
25/35ns (max.) 


• Low Power Dissipation 


Active Mode 
2400mW 
typo 


Standby 
Mode 
800mW typo (TTL level) 
0.8mW typo (CMOS level) 


• Equal Access and Cycle Time 
• Completely 
Static RAM 
No Clock or Timing 
Strobe Required 


• Directly TTL Compatible: 
All Inputs and Outputs 


Part No. 


HB66A2568A-25 
HB66A2568A-35 


Access 


25ns 
35ns 


Package 


6O-pin zigzag in-line 
leaded type 


POO(OPEN) 
NC 
4 
Vcc 6 
Do 
8 


Qo 
10 


Ao 
12 
A2 
14 
A4 
16 


A6 
18 
Vss 20 
02 
22 
Q2 
24 
WE 
26 


Ag 
28 
CS, 
30 


NC 
32 
NC 
34 
Vcc36 
04 38 
04 
40 
AID 42 
A'244 


A'446 
A'648 
NC 
50 
06 
52 
06 
54 
NC 
56 
NC 
58 


Vss 60 


1 
Vss 


3 
POI (GNO) 
5 
NC 


7 
Ot 


9 at 
11 NC 
13 A, 
15 A3 
17 A• 


19 
A7 


21 03 
23 
Q3 


25 
Vcc 


27 
As 


29 
NC 


31 CS2 
33 NC 
35 NC 
37 D. 
39 Q. 


41 
Vss 


43 A,t 
45 A'3 
47 A,. 


49 
A17 


51 07 
53 07 
55 Vcc 


57 
NC 


59 NC 


Pin Name 
Function 


Ao - 
AI7 
Address Input 


00-07 
Data-in 


QO-Q7 
Data-out 


CSt> CSz 
Chip Select 


WE 
Write Enable 


Vcc 
Power Supply (+ 5V) 


Vss 
Ground 


NC 
Non-connection 
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CS1 
WE 
ADD 


ADD 
WE CS 


MO 


ADD 
WE CS 


M1 
Din 
Dout 
Din 
Dout 


ADD 
WE CS 


M2 


ADD 
WE CS 


M3 
Din 
Dout 
Din 
Dout 


ADD 
WE CS 


M4 


ADD 
WE CS 


M5 
Din 
Dout 
Din 
Dout 


ADD 
WE CS 


M6 


ADD 
WE CS 


M7 
Din 
Dout 
Din 
Dout 


Vcc --------oEJ 
----L-CO-C7 
MO-M7 


Vss 
_ 
=r= 
0 
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Parameter 
Symbol 
Value 
Unit 


Voltage on Any Pin Relative to VSS 
Vin 
-0.5(1) to +7.0 
V 


Power Dissipation 
PT 
8.0 
W 


Operating 
Temperature 
Range 
Toor 
o to +70 
°C 


Storage Temperature 
Range 
Tst• 
-55 to + 125 
°C 


Storage Temperature 
Range Under Bias 
Tbias 
-10 to +85 
°C 


CS). CS2 
WE 
Mode 
Vee Current 
Dou1 Pin 
Ref. Cycle 


H 
X 
Not Selected 
IS8' IS81 
High-Z 
- 


L 
H 
Read 
Ice 
Dout 
Read Cycle 


L 
L 
Write 
Ice 
High-Z 
Write Cycle 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Vee 
4.5 
5.0 
5.5 
V 
Supply Voltage 
VSS 
0.0 
0.0 
0.0 
V 


Input High (Logic I) Voltage 
VIH 
2.2 
- 
6.0 
V 


Input Low (Logic 0) Voltage 
V1L 
-0.5(1) 
- 
0.8 
V 


Parameter 
Symbol 
Test Condition 
Min. 
Typ.(I) 
Max. 
Unit 


Input Leakage Current 
III 
Vee 
= Max., Vin = Vss to Vee 
-10 
- 
10 
p.A 


Output Leakage Current 
lLa 
CS1, CS2 = VIH, VI/a = Vss to Vee 
-10 
- 
10 
p.A 


Operating 
Power Supply Current 
Ice 
CS1, CS2 = V1L, II/a = OmA 
- 
480 
960 
mA 
Min. Cycle, Duty = 100% 


Standby Power Supply Current 
IS8 
CS). CS2 = VIH Min. Cycle 
- 
160 
320 
mA 


CS). CS2 = ~ Vee -0.2V 
Standby Power Supply Current 
(I) 
IS81 
OV ~ Vin ~ 
0.2V or 
- 
0.16 
16 
mA 
Vin ~ 
Vee -0.2V 


Output High Voltage 
VOH 
IOH =-4mA 
2.4 
- 
- 
V 


Output Low Voltage 
VOL 
IOL = 8mA 
- 
- 
0.4 
V 


Parameter 
Symbol 
Test Conditions 
Min. 
Max. 
Unit 


Input Capacitance 
(Address, 
WE) 
CII 
Vin = OV 
- 
70 
pF 


Input Capacitance 
(CS) 
CI2 
Vin = OV 
- 
45 
pF 


Input Capacitance 
(Data in) 
Cn 
Vin = OV 
- 
12 
pF 


Output Capacitance 
(Data out) 
Co 
yOU! 
= OV 
- 
16 
pF 
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• 
AC CHARACTERISTICS 
(Ta = O°C to 70°C, 
Vcc = 5V ± 10%, unless otherwise 
noted.) 


• Test Conditions 


• Input Pulse Levels: Vss to 3.0V 
• Input and Output Timing Reference 
Levels: 1.5V 
• Input Rise and Fall Times: 5ns 
• Output Load: See Figures 


+5 V 


4800 


Output 
Load A 


"Including 
scope and jig capacitance. 


Output 
Load B 


(for tHZ' tLZ, twz & low) 


HB66A2568A-25 
HB66A2568A-35 
Parameter 
Symbol 
Unit 


Min. 
Max. 
Min. 
Max. 


Read Cycle Time 
tRC 
25 
- 
35 
- 
ns 


Address Access Time 
tAA 
- 
25 
- 
35 
ns 


Chip Select Access Time 
tACS 
- 
25 
- 
35 
ns 


Output Hold from Address Change 
IoH 
5 
- 
5 
- 
ns 


Chip Selection to Output in Low-Z 
tLZ(I) 
5 
- 
5 
- 
ns 


Chip Deselection 
to Output in High-Z 
tHZ(l) 
0 
12 
0 
20 
ns 


Chip Selection to Power Up Time 
tpu 
0 
- 
0 
- 
ns 


Chip Deselection 
to Power Down Time 
tpD 
- 
15 
- 
25 
ns 


NOTE: 
1. Transition 
is measured 
± 200m V from steady state voltage with Load (B) 
This parameter 
is sampled 
and not 100% tested. 
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Vccsupply 
current 


NOTES: 
1. WE is high for read cycle. 


2. Device 
is continuously 
selected, 
CS = VIL. 


3. Address 
valid prior to or coincident 
with CS transition 
low. 
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HB66A2568A-25 
HB66A2568A-35 
Parameter 
Symbol 
Unit 
Min. 
Max. 
Min. 
Max. 


Write Cycle Time 
twe 
25 
- 
35 
- 
ns 


Chip Selection to End of Write 
tew 
20 
- 
30 
- 
ns 


Address Valid to End of Write 
tAw 
20 
- 
30 
- 
ns 


Address Setup Time 
tAS 
0 
- 
0 
- 
ns 


Write Pulse Width 
twP 
20 
- 
30 
- 
ns 


Write Recovery Time 
tWR 
3 
- 
3 
- 
ns 


Data Valid to End of Write 
tow 
15 
- 
20 
- 
ns 


Data Hold Time 
tOH 
0 
- 
0 
- 
ns 


Write Enabled to Output in High-Z 
twz(1) 
0 
8 
0 
10 
ns 


Output Active from End of Write 
Iow(2) 
0 
- 
0 
- 
ns 


NOTE: 
1. Transition is measured ±200mV from high impedance voltage with Load (B). 


This parameter is sampled and not 100%tested. 
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HB66A2568A-25/35 
--------------------------- 


• Timing Waveform of Write Cycle (2) 
(CS Controlled) 


tAW 
tcw 


I. A write occurs during 
the overlap 
of a low CS and a low WE. 


2. tWR is measured 
from the earlier 
of CS or WE going high to the end of write cycle. 


3. If the CS low transition 
occurs simultaneously 
with the WE low transition 
or after the WE transition, 
the output 
buffers 
remain 
in a high impedance 
state. 


4. Doot is the same phase of write data of this write cycle. 
if tWR is long enough. 
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The HM644332 
TAGM is a 2048~entry 
tag memory 
fabricated 
with 
CMOS 
technology. 
It supports 
compact 
cache 
systems 
with 
2~way or 4~way set 


associativity 
and 
a high 
level of performance 
for 
32~bit 
microprocessor 
systems, 
when 
used 
to~ 


get her 
with 
fast static 
RAMs as data 
RAMs. 


• Programmable 
organization: 
512-entry 
x 4-way or 
1024-entry 
x 2-way 


• Memory 
organization: 
512 words 
x 98 bits 


98 bits = (20 tag bits + 1 parity bit + 2 validity 
bits) x 


4 ways + 6 LRU bits 


• Fast access time: 25/30 ns max from address 
i.nputs, 
18 ns max from tag data inputs 


Package 


64-pin PGA 


Part No. 


HM644332G-25 


HM644332G-30 


From Tag Data 


18 ns 


18 ns 
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N.C. 


MHIT 


HITolREPo 
HIT2IREP2 


HIT3IREP3 


TOo 


T02 


EXTH 


MHENBl 


N.C. 


TO] 


TOs 


TOlD 


TO" 


TO'2 


TO,. 


TO,s 


TO,s 


N.C. 


N.C. 


@oooooooo@ 
19 
~ 
V 
~ 
~ 
~ 
~ 
~ 
V 
~ 
0000000000 
18 
~ 
~ 
~ 
~ 
~ 
$ 
~ 
~ 
~ 
00 
00 


17 
SO 
59 
30 
00 
00 


16 
49 
60 
31 


9 'i: 
Bottom view 
«, 
c;? 
00 
00 
,. 
47 
~ 
~ 
00 
00 


13 
46 
6J 
30t 
00 
00 


12 
~ 
~ 
~ 
0000000000 
11 
~ 
~ 
~ 
41 
~ 
~ 
~ 
u 
~ 
@OOOOOOOO@ 
10 
9 
8 
7 
6 
5 
.• 
3 
2 
1 


Function 


A. 


As 


A] 


Ag 


N.C. 


N.C. 


PINV 


SBlK 


Pin No. 


45 


46 


TOs 


TOg 


Vcc 


TO,3 


TO,s 


T017 


TO,g 


Ao 


A2 


Vss 


As 


As 


PURGE 


MOOE 


VINV 


SBo 


Vcc 
WRiTE 


RlATCH 


PERR 


SB, 


INH 


INVl 


SET 


HIR 


HIT 
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HColRCo 


HC,IRC, 


HIT/REP, 


Vss 


TO, 


T03 


TO. 


TOs 
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Address 
buffer 
and 
decoder 


Parity 
generator 


Tag 
data 
buffer 
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512 entries 
x 23 bits 
x 4 ways 


MPX and 
output control 


HITo/REPo 


HIT1/REP, 


OHITiREP2 


HITiREP3 
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Input 
Tag Inlo. 
Controllnlo. 
LRU 


P Bit 
V Bits 
INH 
PURGE 
SET 
WRITE 
INVL 
Tag Bits 
(Parity) 
(Validity) 
LRU 
Bits 
Function 
Mode 


L 
H 
x 
x 
x 
No change 
No change 
No change 
No change 
Inhibit'3 


H 
H 
H 
x 
x 
No change 
No change 
No change 
No change 
Tag read 


H 
H 
1f 
H 
H 
No change 
No change 
No change 
No change' 
Tag read 
or updated 


H 
H 
1f 


L 
H 
TDo-TD'9 
Set 
H 
Updated 
Tag write 


x 
L 
H 
x 
x 
Undefined 
Undefined 
L(AII) 
Initialized 
All purge 


H 
H 
1f 
H 
L 
No change 
No change 
No change 
No change 1 Partial purge 


L'2 
or shifted'4 


x: 
H or L 


Notes: ., 
When SBLK ~ L and there is no hit, LRU is not changed. 
'2 
When SBLK = L and there is no hit, the V bits are not changed. 


'3 
In inhibit mode, HIT and PERR outputs are H but all other outputs are L. 


'4 
Shifted means that the partially-purged 
way becomes the least recently used way. 


2. Hit or Replace lnfonnation 
Output 


Input 
Internallnlormatlon 
I, '2 
Output 


hl'o' 
hit,' 
hlti 
hlti 
HITol 
HIT,' 
HITi 
HITi 
HCol 
HC,' 
'3 


MODE 
Ag 
repo 
rep, 
reP2 
reP3 
REPo 
REP, 
REP2 
REP3 
RCo 
RC, 
HIT 
Mode 


H 
x 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
4-way 


H 
x 
H 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 


H 
x 
L 
H 
L 
L 
L 
H 
L 
L 
H 
L 
L 


H 
x 
L 
L 
H 
L 
L 
L 
H 
L 
L 
H 
L 


H 
x 
L 
L 
L 
H 
L 
L 
L 
H 
H 
H 
L 


L 
L 
L 
x 
L 
x 
L 
L 
L 
L 
L 
L 
H 
2·way 


L 
L 
H 
x 
L 
x 
H 
L 
L 
L 
L 
L 
L 


L 
L 
L 
x 
H 
x 
L 
L 
H 
L 
L 
H 
L 


L 
H 
x 
L 
x 
L 
L 
L 
L 
L 
L 
L 
H 


L 
H 
x 
H 
x 
L 
L 
H 
L 
L 
H 
L 
L 


L 
H 
x 
L 
x 
H 
L 
L 
L 
H 
H 
H 
L 


x· 
H or L 


Notes:', 
Internal information 
repo to reP3 is determined 
by on-<:hip LRU logic when SBLK ~ L. 


When SBLK ~ H,the 
internal Information is determined by external signals SBo and SB,. 
'2 Correct operation is not guaranteed 
if 2 or more ways are hit at the same time, 


'3 ffii output is valid when H/R - H. 
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HM644332 


3. Partial Purge (INVL = L) 


Input 
Internal 
Info. 
Purged 
Way 
SET 
1f 
MODE 
Ag 
SBlK 
SBo 
SB, 
hlto 
hit, 
hlt2 
hlt3 
0 
2 
3 
lRU 
Mode 


H 
x 
l 
x 
x 
l 
L 
L 
L 
No change 
4-way 


H 
x 
L 
x 
x 
H 
L 
L 
L 
Q 
Shifted 


H 
x 
L 
x 
x 
L 
H 
L 
L 
Q 
Shifted 


H 
x 
L 
x 
x 
L 
L 
H 
L 
Q 
Shifted 


H 
x 
L 
x 
x 
L 
L 
L 
H 
Q 
Shifted 


H 
x 
H 
L 
L 
x 
x 
x 
x 
Q 
Shifted 


H 
x 
H 
H 
L 
x 
x 
x 
x 
Q 
Shifted 


H 
x 
H 
L 
H 
x 
x 
x 
x 
Q 
Shifted 


H 
x 
H 
H 
H 
x 
x 
x 
x 
Q 
Shifted 


L 
L 
L 
x 
x 
L 
x 
L 
x 
No change 
2-way 


L 
L 
L 
x 
x 
H 
x 
L 
x 
Q 
Shifted 


L 
L 
L 
x 
x 
L 
x 
H 
x 
Q 
Shifted 


L 
L 
H 
L 
L 
x 
x 
x 
x 
Q 
Shifted 


L 
L 
H 
L 
H 
x 
x 
x 
x 
Q 
Shifted 


L 
H 
L 
x 
x 
x 
L 
x 
L 
No change 


L 
H 
L 
x 
x 
x 
H 
x 
L 
Q 
Shifted 


L 
H 
L 
x 
x 
x 
L 
x 
H 
Q 
Shifted 


L 
H 
H 
H 
L 
x 
x 
x 
x 
Q 
Shifted 


L 
H 
H 
H 
H 
x 
x 
x 
x 
Q 
Shifted 


Note: 
Correct operation is not guaranteed 
~ 2 or more ways are hit at the same time. 


4. Parity Error and V Bit;' 


(n: a to 3) 


PEn 
'2 
pen 
vno 
vn, 
Hit Info. 


L 
L 
L 
L 
pen: 
Internal parity error in way n 


L 
L 
H 
H 
Hit 
vnOlvn1 
: 
Duplicate validity bits. 


L 
H 
L 
H 
Hit 
PEn: 
Determined by the following equation: 


L 
H 
H 
L 
Hit 
PEn ~ (vno + vn,) • pen + (vno Ell vn,) 


H 
L 
L 
L 


H 
L 
H 
H 
Hit 


H 
H 
L 
H 
Hit 


H 
H 
H 
H 
Hit 


Notes:·1 
PERR is the NOR of PEa to PE3. 


·2 Output information when internal hit is valid. 
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HM644332 


Absolute 
Maximum 
Ratings 


Item 
Symbol 
Rating 
Unit 


Supply Vo~age 
vee 
-0.5 to +7.0 
V 


Input Vo~age at Any Pin Relative to V55 
Vin 
-3.0 to +7.0 
V 


Output Voltage at Any Pin Relative to V55 
Vout 
-0.5 to +7.0 
V 


Output Current 
lout 
±20 
mA 


Power Dissipation 
PT 
1.5 
W 


Operating Temperature 
Top, 
-10 to +85 
·C 


Storage Temperature 
Tstg 
-65 to +125 
·C 


Note: Permanent device damage may occur ij absolute maximum ratings are exceeded. 
Functional operation 
should be restricted to the conditions detailed in the operational 
sections of this data sheet. 
Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


Item 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Supply Voltage 
", 
4.5 
5.0 
5.5 
V 
Vee 


Input Low Vo~age 
V", 
-0.5 "2 
0.8 
V 
IL 


Input High Vo~age 
", 
2.2 
6.0 
V 
V1H 


Notes: "1 All vo~ages are relative to V55' 


"2 -3.0 V for pulse width of 20 ns or less. 


DC and Operating 
Characteristics 
(Ta = 0 to +70°C, Vcc = 5 V ±10%, Vss = 0 V) 


Item 
Symbol 
Test Conditions 
Min. 
Typ. 
Max. 
Unit 


Operating 
Power 
Ice 
Min. cycle, lout~ 0 mA 
200 
mA 


Supply Current 
Cycle = 100 ns, loul = 0 mA 
180 
mA 


Input Leakage Current 
IlL 
Vin = Vss to Vee 
-10 
10 
~A 


Output Vo~age 
VOL 
IOL= 8 mA 
0.4 
V 


VOH 
IOH=-4 
mA 
2.4 
V 


Capacitances 
(Ta = 25°C, f = 1 MHz) 


Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Input Capacitance 
C 
Vin = 0 V 
10 
pF 
In 


Output Capacitance 
COUI 
V 
=OV 
TBD 
pF 
out 


Note: 
These parameters 
are sampled, not 100% tested. 
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AC Characteristics 
(T••= 0 to +70°C, V cc= 5 V ±10%, V ss=OV, 


unless otherwise 
noted) 


• Input pulse levels: 
• Input pulse rise and fall times: 
• Input and output 
timing reference 
levels: 
• Output 
load: 


o V to 3.0 V 
o ns to 5 ns (time between 
0.8 V and 2.2 V) 
1.5 V 
See figure. 


3OpF'I 
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HM644332 


1. Tag Read Cycle (MODE: 
H or L, PURGE: 
H, WRITE: 
H, INVL : H, PINV : H or L, VINV : H or L, 


INH:H) 


HM644332G·25 
HM644332G·30 


Item 
Symbol 
Min. 
Max. 
Min. 
Max. 
Unit 


Read Cycle Time 
tAC 
50 
50 
ns 


Address Valid to HIT, HCn, HITn 
tAH 
25 
30 
ns 


Address Valid to MHIT 
tAMH 
27 
32 
ns 


Tag Data Valid to HIT, HCn, HITn 
"rH 
18 
18 
ns 


Tag Data Valid to MHIT 
tTMH 
20 
20 
ns 


HIT, HCn. HITn Hold Time 
tHH 
0 
0 
ns 


Address Valid to RCn, REP n 
tAA 
35 
40 
ns 


Address Valid to PERR 
tAP 
35 
40 
ns 


Address Setup Time for SET 
tAS 
25 
25 
ns 


Tag Data Setup Time for SET 
tTS 
25 
25 
ns 


SET Pulse Width 
tsw 
20 
20 
ns 


SET Recovery Time 
tSA 
5 
5 
ns 


RLATCH Setup Time 
tALS 
10 
10 
ns 


RCn, REPn Hold Time for RLATCH 
tAH 
0 
0 
ns 


SBLK, SBo' SB, Setup Time for RCn, REPn tSBA 
25 
25 
ns 


SBLK, SBo' SB, Hold Time 
tSBH 
5 
5 
ns 


RCn, REPn Hold Time for SBLK, SBo' SB, 
tSH 
0 
0 
ns 


SBLK, SBo' SB, Setup Time for SET 
tSBS 
25 
25 
ns 


PERR Hold Time 
tpH 
0 
0 
ns 


H/R to Multiplex Output Change 
tHA 
10 
12 
ns 


MHENBL, EXTH to MH IT Output 
tMMH 
10 
12 
ns 
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HM644332 


2. Tag Write Cycle (MODE = H or L, PURGE = H, WRITE = L, INVL = H, HlR = L, INH = H) 


HM644332G-25 
HM644332G-30 


Item 
Symbol 
Min. 
Max. 
Min. 
Max. 
Unit 


Write Cycle Time 
twc 
50 
50 
ns 


Address Valid to RCn, REPn 
tAR 
35 
40 
ns 


Address Setup Time for SET 
tAS 
25 
25 
ns 


Tag Data Setup Time for SET 
tTS 
25 
25 
ns 


SET Pulse Width 
tsw 
20 
20 
ns 


SET Recovery Time 
tSR 
5 
5 
ns 


RLA TCH Setup Time 
tRLS 
10 
10 
ns 


SBLK, SBo' SB, Setup Time for SET 
tSBS 
25 
25 
ns 


SBLK, SBo' SB, Setup Time for RCn• REP n tSBR 
25 
25 
ns 


RCn, REPn Hold Time for SBLK, SBo' SB, 
ISH 
0 
0 
ns 


SBLK Hold Time 
tSBH 
5 
5 
ns 
-- 
-- 


PINV, VINV Setup Time for SET 
tiS 
25 
25 
ns 
---- 
PINV, VINV Recovery Time for SET 
tlR 
5 
5 
ns 


3. Partial Purge (MODE = H or L, PURGE = H, WRITE = H, INVL = L, HlR = H or L, INH = H, 


RLATCH 
= L, PINY = H or L, VINV 
= H or L) 


HM644332G-25 
HM644332G-30 


Item 
Symbol 
Min. 
Max. 
Min. 
Max. 
Unit 


Partial Purge Cycle 
tppc 
50 
50 
ns 


Address S~tup Time for SET 
tAS 
25 
25 
ns 


Tag Data Setup Time for SET 
tTS 
25 
25 
ns 


SET Pulse Width 
tsw 
20 
20 
ns 


SET Recovery Time 
ISR 
5 
5 
ns 


SBLK, SBo' SB, Setup Time for SET 
tSBS 
25 
25 
ns 


SBLK. SBo' SB, Hold Time 
tSBH 
5 
5 
ns 


4. All Purge (SET = H, other control 
inputs 
are H or L) 


HM644332G·25 
HM644332G-30 


Item 
Symbol 
Min. 
Max. 
Min. 
Max. 
Unit 


All Purge Cycle Time 
tAPC 
100 
100 
ns 


Purge Pulse Width 
tppw 
50 
50 
ns 


Purge Recovery Time 
tpR 
50 
50 
ns 
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I 


~,t~tMMH 
Inputvalid 
l~ 
..~.---'_;~. 
l' 
~ 
.--O-u1-P-ut-V-a1-'d-~ 
---- 
----I. 
--t-)-- 
I 
~J 
-, 
j~-~t-PH- 


__________________ 
. 
Ou1putvalid 
~ 
I 
~tTS~t~1 
~-:-,~~:=t~~_ 


tS8R~ 
I 
tS8 
~ 
ISH 


Inpu1valid 
.1 


HIT, 
" 


HCn,HITn 


Notes: 
" 
Valid when H/R = H. 
'2 Valid when H/R = L 
'3 lRU 
is updated when SET = L 
'4 Replace information is latched when RlATCH 
= H. 
'5 Valid when SBlK 
= L 


'S Valid when SBlK 
= H. 
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twc 


Inputvalid 


LARt 
tHR 
-10 
tHH 


__ 
i_Outp_utvalid_f 
__ 


tSBS -.J 


Inputvalid 


tlS--l 


Inputvalid 


Notes: 
'1 Tag is stored, V bits go H, and LRU is updated. 
'2 Replace information is latched when RLATCH = H. 
'3 Valid when SBLK = L. 
'4 Valid when SBLK = H. 
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(MODE = H or L, PURGE = H, WRITE = H, INVL = L, H/R = H or L, INH = H, RLATCH • L, 


PINV = H or L, VINV = H or L) 


Ao-A9 


" 
TDO-TD'9 


I. 


SET 


sBLK 


'3 
sBo,sB, 


Notes: 
'1 Valid 
when 
SBLK 
= L. 


'2 LRU 
is shifted 
and V bits go L. 


'3 
Valid 
when 
SBLK 
= H. 


Input valid 


tppw 
I 
tpR 
i 


tAPe 
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The TAG input 
data (fDo-TD].) 
and the contents 
of 


the addressed 
location 
are compared. 
If they are the 
same,ahitisassumed. 
HITgoeslowand 
theHCnand 
HITn outputs 
indicate 
the hit way associatively. 
If 
thereis 
no hit, the LRU logicofthetag 
RAM automati- 


cally specifics 
which 
way is to be replaced. 


The replacement 
information 
is presented 
at the RCn 


and 
REPn outputs 
by forcing 
the H/R 
input 
low. 


These 
signals 
will·be 
latched 
and 
used 
for writing 
data into data memory. 


If there 
is no hit, the tag RAM must be updated. 
A 
write operation 
iSJ"'Tformed 
by setting 
WRITE low 
and 
inputting 
a SET pulse. 
The 
tag data 
will be 
written 
into the appropriate 
way by the internal 
LRU 
logic. 


The 
way can be also specified 
externally 
by using 
sBLK, sBO' and sB] inputs. 
In tag write mode, 
the V 


bits (validity 
bits) and the parity 
bit are set, and the 
LRU is updated. 


In this operation, 
the contents 
of each 
tag and 
its 


parity 
will not be identified. 


~rtial 
purge 
operation 
~erformed 
by setting 


INVL low and inputting 
a SET pulse. 


The V bit specified 
by the address 
input 
is reset and 


the LRU is shifted 
so that the partially-purged 
way 


becomes 
the least recently 
used 
way. 
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o 


2620~~~ 


(1032~g~~) 
22.86 (.900) 


REF 
0 0 
w 


oo 


1 
::00000000 
@oooooooo@ 


046~6~ 
(018~~~)DIA 


0 
0 
0 O@ 
0 
0 
0 o 
0 


0 
0 


0 
0 
o 
0 
o 
0 


0 
0 


0 
0 
J 


1824.718 
SO 
~ 
TYP 


26 20+0.46 


. 
-031 
SO 


(1032~g~~ I 
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Section 3 
MOS Pseudo Static RAM 
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HM65256B Series 


• 
FEATURES 
• 
Single 5V (±10%1 


• 
High Speed 
Access 
Time 
CE Access 
Time 
100/120/150/200ns 


Address 
Access 
Time. 
. . . . . 
. .. 50/60/75/100ns 


(in Static 
Column 
Model 


Cycle 
Time 
Random 
ReadlWrite 
Cycle Time 
Static 
Column 
Mode Cycle Time 


• 
Low Power 
175mW 
typo Active. 


• 
All inputs 
and outputs 
TTL compatible 


• 
Static 
Column 
Mode Capability 
• 
Non Multiplexed 
Address 
• 
256 
Refresh 
Cycles 
(4msl 


• 
Refresh 
Functions 
Address 
Refresh 


Automatic 
Refresh 
Self Refresh 


160/190/235/310ns 
.. 
55/65/80/105ns 


Type No. 
Access Time 
Package 


HM65256BP-IO 
lOOns 
HM65256BP-12 
120ns 
HM65256BP-15 
150ns 
HM65256BP-20 
200ns 
600 mil 28 pin 


HM65256BLP-l 0 
lOOns 
Plastic DIP 


HM65256BLP-12 
120ns 
HM65256BLP-15 
150ns 
HM65256BLP-20 
200ns 


HM65256BSP-IO 
lOOns 
HM65256BSP-12 
120ns 
HM65256BSP-15 
150ns 
HM65256BSP·20 
200ns 
300 mil 28 pin 


HM65 256BLSP-l 0 
lOOns 
Plastic DIP 


HM65256BLSP-12 
120ns 
HM65256BLSP-15 
150ns 
HM65256BLSP-20 
200ns 


HM65256BFP-IOT 
lOOns 
HM65256BFP-12T 
l20ns 
HM65256BFP-15T 
150ns 
HM65256BFP-20T 
200ns 
28 pin 


HM65256BLFP·IOT 
lOOns 
Plastic SOP 


HM65256BLFP-12T 
120ns 
HM65256BLFP-15T 
150ns 
HM65256BLFP-20T 
200ns 


(DP-2g) 


HM65256B~P Series 


(DP-28N) 


HM65256BFP Series 


(FP-28DA) 


• 
PIN ARRANGEMENT 
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CE 
OE 
WE 
I/O Pin 
mode 


L 
L 
H 
Low Z 
Read 


L 
x 
L 
High Z 
Write 


L 
H 
H 
High Z 
- 


H 
L 
x 
High Z 
Refresh 


H 
H 
x 
High Z 
Standby 


Item 
Symbol 
Rating 
Unit 


Terminal 
Voltage 
with 
Respect 
to Vss 
VT 
-1.0 
to +7.0 
V 


Power 
Dissipation 
PT 
1.0 
W 


Operating 
Temperature 
Topr 
o to +70 
°c 


Storalte 
Temperature 
T'tll 
-55 
to +125 
°c 


Storage 
Temperature 
Under 
Bias 
Tbio& 
-10 
to +85 
°c 


Item 
Symbol 
min. 
typo 
max. 
unit 


VCC 
4.5 
5.0 
5.5 
V 


Supply 
Voltage 


Vss 
0 
0 
0 
V 


V/H 
2.2 
- 
6.0 
V 


Input 
Voltage 
V/L 
-0.5'1 
0.8 
- 
V 
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HM65256B 
Series 
HM65256BL 
Series 
Parameter 
Symbol 
Test Conditions 
Unit 
min. 
typo 
max. 
min. 
typo 
rnax. 


Operating 
Power 
lcel 
11/0 = OmA 
- 
35 
65 
- 
35 
65 
mA 
Supply Current 
lcyc = min. 


Standby 
Power 
ISBI 
CE = VIH, OE = VIH 
- 
1 
2 
- 
1 
2 
mA 
Supply Current 
ISB2 
CE> VCC-0.2V, 
OE> VCC-0.2V 
- 
- 
- 
- 
0.05 
0.1 
mA 


Operating 
Power Supply 
ICC2 
CE = V/H. OE = V/L 
- 
I 
2 
- 
0.6 
1 
mA 
Current in Self Refresh Mode 
ICC3 
CE.? VCC-0.2V. 
OE~0.2V 
- 
- 
- 
- 
50 
100 
jlA 


Inpu t Leakage 
ILl 
VCC = 5.5V 
-10 
10 
-10 
10 
jlA 
CUrrent 
Vin = VSS to VCC 
- 
- 


Output 
Leakage 
iLo 
OE= 
V/H 
-10 
10 
-10 
10 
jlA 
Current 
VI/O = VSS to VCC 
- 
- 


Output 
Voltage 
VOL 
10L = 2.1 mA 
- 
- 
0.4 
- 
- 
0.4 
V 


VOH 
10H= -1 mA 
2.4 
- 
- 
2.4 
- 
- 
V 


Item 
Symbol 
Test Conditions 
typo 
max. 
Unit 


Input Capacitance 
Cin 
Vin = OV 
- 
5 
pF 


Input/Output 
Capacitance 
CI/O 
VI/O= OV 
- 
7 
pF 


• 
AC CHARACTERISTICS 
(Ta = 0 to +70°C, Vcc = SV ±10%) 
• 
AC Test Conditions 


Input 
Pulse Levels 
. 
Input 
Rise and Fall Times 
Timing 
Measurement 
Level 
Reference Level 


Output 
Load 
. 


. .... 
2.4V, O.4V 


.......... 
5ns 
..... 
2.2V,O.8V 


. VOH =2.0V, 
VOL =O.8V 
. ..... 
1 TTL and 100pF (including 
scope and jig) 


HM65256B-I0 
HM65256B-12 
HM65256B-15 
HM65256B-20 
Item 
Symbol 
Unit 
min. 
max. 
min. 
max. 
min. 
max. 
min. 
max. 


Random 
Read 
or Write 
Cycle 
Time 
tRC 
160 
- 
190 
- 
235 
- 
310 
- 
ns 


Sta tic Column Mode Read or Write 
rRSC 
55 
- 
65 
- 
80 
- 
105 
- 
ns 
Cycle 


Chip Enable Access Time 
tCEA 
- 
100 
120 
150 
200 
ns 


Address Access Time 
tAA 
- 
50 
- 
60 
- 
75 
- 
100 
ns 


Output 
Enable Access Time 
tOEA 
- 
40 
- 
50 
- 
60 
- 
75 
ns 


Chip Disable to Output 
in High Z 
tCHZ 
- 
25 
- 
25 
- 
30 
- 
35 
ns 


Chip Enable to Output 
in Low Z 
tCLZ 
30 
- 
30 
- 
35 
- 
40 
- 
ns 


Output 
Enable to Output 
in Low Z 
tOLZ 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


Output 
Disable to Output 
in High Z 
10HZ 
- 
25 
- 
25 
30 
35 
ns 


Chip Enable Pulse Width 
tCE 
lOOn 
4m 
120n 
4m 
150n 
4m 
200n 
4m 
s 


Chip Enable Precharge Time 
tp 
50 
- 
60 
- 
75 
- 
100 
- 
ns 


Address Set-up Time 
tAS 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Row Address Hold Time 
tRAH 
20 
- 
20 
- 
25 
- 
30 
- 
ns 


Column Address Hold Time 
tCAH 
100 
- 
120 
- 
150 
- 
200 
ns 


Read Command 
Set-up Time 
tRCS 
0 
- 
0 
0 
0 
ns 


Read Command 
Hold Time 
tRCH 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Output 
Enable Hold Time 
tOHC 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Output 
Enable to Chip Enable Delay 
tOCD 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
Time 


Output 
Hold Time from Column 
tOH 
5 
- 
5 
- 
5 
- 
10 
- 
ns 
Address 


Write Command 
Pulse Width 
twp 
25 
- 
25 
- 
30 
- 
35 
- 
ns 


Chip Enable to End of Write 
tcw 
100 
- 
120 
- 
150 
- 
200 
ns 


Column Address Set-up Time 
tASW 
0 
- 
0 
- 
0 
0 
ns 
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Symbol 
HM65256B-IO 
HM65256B-12 
HM65256B-15 
HM65256B-20 
Item 
Unit 
min. 
max. 
min. 
max. 
min. 
max. 
min. 
max. 


Column Address Hold Time after Write 
IAHW 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Data Valid to End of Write 
IDW 
20 
- 
20 
- 
25 
- 
30 
- 
ns 


Data In Hold Time for Write 
IDH 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
Output 
Active from End of Write 
lOW 
5 
- 
5 
- 
5 
- 
5 
- 
ns 
Write to Output 
in High Z 
IWHZ 
- 
25 
- 
25 
- 
30 
- 
35 
ns 
Transition 
Time (Rise and Fall) 
IT 
3 
50 
3 
50 
3 
50 
3 
50 
ns 
Refresh Command 
Delay Time 
IRFD 
50 
- 
60 
- 
75 
- 
100 
- 
ns 
Refresh Precharge Time 
IFP 
30 
- 
30 
- 
30 
- 
30 
- 
ns 
Refresh Command 
Pulse Width for 
IFAP 
80 
10000 
80 
10000 
80 
10000 
80 
10000 
ns 
Automatic Refresh 


Automatic 
Refresh Cycle Time 
IFC 
160 
- 
190 
- 
235 
- 
310 
- 
ns 
Refresh Command 
Pulse Width for Self 
IFAS 
10000 
- 
10000 
- 
10000 
- 
10000 
Refresh 
- 
ns 


Refresh Reset Time for Self Refresh 
IFRS 
160 
- 
190 
- 
235 
- 
310 
- 
ns 
Refresh Period 
IREF 
- 
4 
- 
4 
- 
4 
- 
4 
ms 


Notes: 
(l) 
ICHZ, 
10HZ 
and 
IWHZ 
are defined 
as the time 
at which 
the output 
achieves 
the open 
circuit 
conditions. 


(2) 
I CLZ, 
IOLZ 
and 
lOW are sampled 
under 
the condition 
of IT=5ns, 
and not 
100% tested. 
(3) 
A write 
occurs 
during 
the overlap 
of a low CE and low WE. 


(4) 
If CE goes low simultaneously 
with 
WE going 
low or after 
WE going 
low, 
the outputs 
remain 
in high 
impedance 
state. 


(5) 
If input 
signals 
of opposite 
phase 
to the 
outputs 
are applied 
in write 
cycle, 
OE or WE must 
disable 
output 
buffers 
prior 
to applying 
data 
to the device 
and data 
inputs 
must 
be noating 
prior 
to OE or WE turning 
on output 
buffers. 


(6) 
VOl (min) 
and 
VIL (max) 
are reference 
levels for measuring 
timing 
of input 
signals. 
Also, 
transition 
times 
are meas· 
ured 
between 
VOl and 
VIL' 
(7) 
An initial 
pause 
of I OO!'S is required 
after 
power-up 
followed 
by a minimum 
of 8 initialization 
cycles . 


• 
TIMING 
WAVEFORMS 


• 
R.d 
Cycle No.1 
ICE controlled) 
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HM658128 Series 


The 
Hitachi 
HM658128 
is a pseudo-static 
RAM organized 
as 


131,072-word 
x 8-bit. 
HM658128 
realizes 
low power 
consump- 
tion 
and 
high 
speed 
access 
time 
by 
employing 
1.3~m 
CMOS 


process 
technology. 


The HM658128 
supports 
3 refresh 
functions: 
Address 
Refresh, 


Auto 
Refresh 
and 
Self 
Refresh. 
Low 
power 
version 
dissipates 
only 
O.5mW (typ.) 
in Self Refresh 
Mode and retains 
the data 
with 


battery 
backup 
for short 
time. 
Self 
Refresh 
Mode 
is guaranteed 


only for L-version. 


The 
HM658128 
is pin-compatible 
with 
256k-bit 
PSRAM 
and 


static 
RAM. 


• 
FEATURES 
• 
Single 5V (±10%) 


• 
High Speed 
o Access 
Time 
CE Access 
Time 
... 
100/120/150ns 


o Cycle Time 


Random 
ReadlWrite 
Cycle Time 
... 
180/210/250ns 


• 
Low Power 
... 
200mW 
typo (Active) 
O.5mW (standby) 
• 
All inputs 
and outputs 
TTL compatible 


• 
Non Multiplexed 
Address 
• 
512 
Refresh 
Cycles 
(8ms) 


• 
Refresh 
Functions 
Address 
Refresh 
Automatic 
Refresh 
Self Refresh 
(Only for L-version) 


Type No. 
Access Time 
Package 
HM658128DP-I0 
lOOns 
HM658128DP-12 
120ns 
HM658128DP-15 
150ns 
600 mil 32 pin 
HM658128LP-IO 
lOOns 
Plastic DIP 
HM658128LP-12 
120ns 
HM658128LP-15 
150ns 
HM658128DFP-I0 
lOOns 
HM658128DFP-12 
120ns 
HM658128DFP-15 
150ns 
32 pin Plastic 
HM658128LFP-IO 
lOOns 
SOP 
HM658128LFP-12 
120ns 
HM658128LFP-15 
150ns 


(FP-32D) 


• 
PIN ARRANGEMENT 


(Top View) 
• 
PIN 
DESCRIPTION 


Symbol 
Pin Name 


AO - A16 
Address Inputs 


I/O - 1/07 
Data Input/Output 


RFSH 
Refresh 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


CS 
Chip Select 


VCC 
Power Supply 


VSS 
Ground 
~HITACHI 
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CE 
CS at CE going Low 
RFSH 
OE 
WE 
I/O Pin 
Mode 
L 
H 
X 
L 
H 
LowZ 
Read 
L 
H 
X 
X 
L 
HighZ 
Write 
L 
H 
X 
H 
H 
HiJ(hZ 
- 
L 
L 
X 
X 
X 
High Z 
CS Standby 
H 
X 
L 
X 
X 
HighZ 
Refresh"! 
H 
X 
H 
X 
X 
HighZ 
Standby 


Item 
Symbol 
Rating 
Unit 
Terminal Voltage with Respect to Vss 
VT 
-1.0 to +7.0 
V 
Power Dissipation 
PT 
1.0 
W 
Operating Temperature 
Topr 
o to +70 
°c 
Storage Temperature 
Tottl 
-55 to +125 
°c 
Storage Temperature 
Under Bias 
Tblos 
-10 to +85 
°c 


Item 
Symbol 
min. 
typo 
max. 
Unit 


Supply Voltage 
Vcc 
4.5 
5.0 
5.5 
V 
Vss 
0 
0 
0 
V 


Input Voltage 
VlH 
2.2 
- 
6.0 
V 
VIL 
-{).5"' 
- 
0.8 
V 
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Parameter 
Symbol 
Test Condition 
min. 
typo 
max. 
Unit 


Operating Power 
ICC1 
1110 = 0 
- 
40 
75 
mA 
Supply Current 
teye = min. 


Standby Power 
ISB1 
CE - VIH 
- 
1 
2 
mA 
Supply Current 
RFSH = VIH 
Standby Power 
ISB2 
CE ~ VCC -0.2V 
- 
100 
200 
",A 
Supply Current 
RFSH L VCC -0.2V 


ICC2 
CE = V1H 
- 
1 
2 
mA 
Operating Power 
RFSH = VlL 
Supply Current in Self Refresh Mode* 1 
ICC3 
cr ~ VCC -0.2V 
100 
200 
",A 
RFSH~0.2V 
- 


Input Leakage Current 
ILl 
Vcc=5.5V 
-10 
- 
10 
",A 
Vln = Vss to VCC 


Output Leakage Current 
ILO 
OE - VIH 
-10 
- 
10 
",A 
VlIO = VSS to VCC 


VOL 
10L- 
2.1mA 
- 
- 
0.4 
V 
Output Voltage 
VOH 
10H- 
-lmA 
2.4 
- 
- 
V 


Item 
Symbol 
Test Condition 
typo 
max. 
Unit 


Input Capacitance 
Cin 
Vin = OV 
- 
8 
pF 


Input/Output 
Capacitance 
CliO 
VlIO = OV 
- 
10 
pF 


• 
AC CHARACTERISTICS 
(Ta = 0 to +70°C, VCC = SV ± 10%) 
• 
AC Test Conditions 


Input 
Pulse 
Levels 
2.4V,O.4V 
Input 
Rise and 
Fall Times 
5ns 


Timing 
Measurement 
Level 
2.2V,O.8V 


Reference 
Level 
VOH = 2.0V, 
VOL = O.8V 


Output 
Load 
1 TTL and 
100pF 
(including 
scope 
and jig) 


- 


Symbol 
HM658128-10 
HM658128-12 
HM658128-15 
Item 
min. 
min. 
min. 
Unit 
max. 
max. 
max. 


Random Read or Write Cycle Time 
tRC 
180 
- 
210 
- 
250 
- 
ns 


Random Read Modify Write Cycle Time 
tRWC 
240 
- 
280 
- 
330 
- 
ns 
Chip Enable Access Time 
tCEA 
- 
100 
- 
120 
- 
150 
ns 


Output Enable Access Time 
tOEA 
- 
30 
- 
40 
- 
50 
ns 
Chip Disable to Output in High Z 
tCHZ 
- 
30 
- 
35 
- 
40 
ns 
Chip Enable to Output in Low Z 
tCLZ 
30 
- 
35 
- 
40 
- 
ns 


Output Disable to Output in HighZ 
tOHZ 
- 
25 
- 
30 
- 
35 
ns 
Output Enable to Output in Low Z 
tOLZ 
5 
- 
5 
- 
5 
- 
ns 
Chip Enable Pulse Width 
tCE 
lOOn 
I", 
120n 
I", 
150n 
I", 
s 
Chip Enable Precharge Time 
tp 
70 
- 
80 
- 
90 
- 
ns 


Address Set-up Time 
tAS 
0 
- 
0 
- 
0 
- 
ns 


Address Hold Time 
tAH 
30 
- 
35 
- 
40 
- 
ns 


Read Command Set-up Time 
tRCS 
0 
- 
0 
- 
0 
- 
ns 


Read Command Hold Time 
tRCH 
0 
- 
0 
- 
0 
- 
ns 


RFSH Hold Time 
tRHC 
15 
- 
15 
- 
15 
- 
ns 


Refresh Command Delay Time (Standby Mode) 
tRCD 
- 
5 
- 
5 
- 
5 
ns 
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HM658128-10 
HM658128-12 
HM658128-15 
Item 
Symbol 
nit 
min. 
max. 
min. 
max. 
min. 
max. 


Chip Select Set-up Time 
tcss 
0 
- 
0 
- 
0 
- 
ns 


Chip Select Hold Time 
tCSH 
30 
- 
35 
- 
40 
- 
ns 
Write Command Pulse Width 
twP 
30 
- 
35. 
- 
40 
- 
ns 
Chip Enable to End of Write 
tcw 
100 
- 
120 
- 
150 
- 
ns 
Data In to End of Write 
tDW 
25 
- 
30 
- 
35 
- 
ns 


Data In Hold Time for Write 
tDH 
0 
- 
0 
- 
0 
- 
ns 
Output Active from End of Write 
tow 
5 
- 
5 
- 
5 
- 
ns 


Write to Output in High Z 
tWHZ 
- 
25 
- 
30 
- 
35 
ns 


Transition Time (Rise and Fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 


Refresh Command Delay Time 
tRFD 
70 
- 
80 
- 
90 
- 
ns 


Refresh Precharge Time 
tFP 
40 
- 
40 
- 
40 
- 
ns 
Refresh Command Pulse Width for Automatic 
tFAP 
80n 
8/' 
80n 
8/' 
80n 
8/' 
s 
Refresh 
Automatic 
Refresh Cycle Time 
tFC 
180 
- 
210 
- 
250 
- 
ns 


Refresh Command Pulse Width for Self Refresh 
tFAS" 
8 
- 
8 
- 
8 
- 
/,S 


Refresh Reset Time for Self Refresh 
tRFS" 
180 
- 
210 
- 
250 
- 
ns 


Refresh Reset Time for Automatic Refresh 
tRFA 
0 
- 
0 
- 
0 
- 
ns 
Refresh Period (512 cycles) 
tREF 
- 
8 
- 
8 
- 
8 
ns 


Notes: 
(1) tCHZ, tOHZ and tWHZ are defined as the time at which 


the output 
achieves the open circuit conditions 
under 


the condition of tT = 5ns and not 100% tested. 


(2) tCHZ, tCLZ, tOHZ, tOLZ, tWHZ and tow are sampled 


under the condition of tT = 5ns and not 100% tested. 
(3) A write occurs during the overlap of a low ~and 
a 


low WE. Write end is defined at the earlier of WE going 
high or CE going high. 


(4) If CE~es 
low simultaneously 
with WE going low or 


after WE going low, the outputs 
remain in high im- 


pedance state. 


(5) If input 
signals of opposite 
phase to the outputs 
are 


applied in write cycle, OE or WE must disable output 
buffers prior to applying data to the device and data 
inputs must be floating prior to DE or WE turning on 
output buffers. 


(6) VIH 
(min) 
and 
VII- (max) 
are reference 
levels for 
measuring timing 0 mput signals. Also, transition times 
are measured between 
V1H and VI~' 
(7) An initial pause of 100/,s is requlfed 
after power-up 
followed by a minim urn of 8 initialization 
cycles. 


(8) After Self Refresh, Auto Refresh should be started with- 


in 15/,s. (only for L-version) 
(9) This characteristics is guaranteed only for L-version . 


• 
TIMING 
WAVEFORMS 


• 
Read Cycle 
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Section 4 
Video Memory 


~HITACHI® 


HM63021 Series 


HM63021 
is a 2048-word 
x 8-bit 
static 
Serial 
Access 
Memory 
(SAM) 
with 
separate 
data 
inputs 
and 
outputs. 
Since 
it has an 
internal 
address 
counter, 
no external 
address 
signal 
is required 
and 
internal 
addresses 
are 
scanned 
serially. 
Using five different 


address 
scan 
modes, 
it is applicable 
to 
FIFO 
memories, 
double- 


speed 
conversions, 
1H delay 
lines 
and 
1H/2H 
delay 
lines 
for 


digital 
TV signals. 
Its minimum 
cycle 
times 
are 28 ns and 
34 ns 


each 
corresponding 
to 
8 fsc of 
PAL 
TV 
signals 
and 
NTSC 
TV 
signals. 
All inputs 
and outputs 
are TTL-compartiable. 
This device 


is packaged 
in a 300-mil 
dual-in-line 
plastic 
package. 


Features 


• 
Five modes 
for various 
applications 
• 
Corresponds 
to Digital TV system 
with 4 fsc sampling 


(PAL, 
NTSC) 


• 
Decoder 
signal output 
pin; Fewer 
external 
circuits 


• 
Asynchronous 
ReadlWrite 
operation; 
Separate 
address 
counters 
for Read/Write 
No Address 
Input 
required 


• 
High Speed; 
Cycle Time 
28/34/45 
ns (min) 
• 
Completely 
Static 
Memory; 
No refresh 
required 
• 
8-bit 
SAM with 
separate 
I/O 


• 
Low Power; 
250 mW typo Active 


• 
Single 
5 V supply 
• 
TTL compatible 


Ordering Information 


Cycle 
Type No. 
Time 


HM63021P-28 
28 ns 
HM63021P-34 
34 ns 
300-mil 28-pin 
Plastic DIP 
HM63021P-45 
45 ns 
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Pin Description 


Pin No. 
Pin Name 


1 
MODEl 


2 
RCLK/CLK 


3 
RRES/RES 


4-11 
Din 0 - Din 7 


12 
WE 


13 
High Z/WDEC/DECI 


14 
VSS 


15 
WCLK/wr/DEC4 


16 
WRES/DS/DEC3 


17-24 
Dout 0 - Dout 7 


25 
OE 


26 
MODE3/RDEC/DEC2 


27 
MODE2 


28 
Vcc 


Mode Table 


Mode Input 1 (All Modes) 


Read Oock Input (TBCE, DSC, TBq 
Oock Input (lH/2H, 
D) 


Read Reset Input (TBCE, DSC, TBq 
Reset Input (l H/2H, D) 
Data Inputs (All Modes) 


Write Enable Input (AU Modes) 


High Impedance (TBCE, DSq 
Write Decode Pulse Output (TBq 
Decode Pulse Output I (l H/2H, D) 
Ground (AU Modes) 


Write Oock Input (TBCE, DSC, TBC) 
Write Timing Input (lH/2H) 
Decode Pulse Output 4 (D) 


Write Reset Input (TBCE, DSC, TBC) 
Delay Select Inpu t (l H/2H) 
Decode Pulse Output 3 (D) 


Data Outputs (All Modes) 


Outp~t Enable Input (All Modes) 
Mode Input 3 (TBCE) 
Read Decode Pulse Output (TBC) 
Decode Pulse Output 2 (l H/2H, D) 


Mode Input 2 (All Modes) 


Power Supply (+5V) (All Modes) 


MODEl 


H 


H 


H 


L 


L 
Note) 
"I. 


Mode Signals 


MODE2 
MODE3 


H 
H 
Time base compression/expansion 
(TBCE) 
H 
L 
Double speed conversion (DSq 
L 
"I 
Time base correction (TBq 


H 
"I 
1H/2H delay (l H/2H) 
L 
"I 
Delay line (D) 


Decoder Output Signal (RI>Ec, ~) 


Absolute Maximum 
Ratings 
Parameter 


Voltage on Any Pin relative to VSS 


Power Dissipation 
Operating Temperature 


Storage Temperature 


Storage Temperature 
under bias 


Note) 
"I. -3.5V 
for puis. width ~ 10 ns 


Symbol 


VT 
PT 
Topr 


Tstg 


Tbias 


Rating 
-0.5"1 to +7.0 
1.0 
o to +70 


-55 to +125 


-10 to +85 


Unit 


V 


W 
·C 


'C 


Picture in Picture 
Non interlace 


Time Base Corrector 
Vertical mter 


Delay line 
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RCLK/CLK 


RRES/R~ 


WCLK;WT 


WRES/DS 


Timinl 
Control 
Logic 


Read 
Row 
Decoder 


(2047) 


RDEC 


(900,1810) 
DECI 


Address 
(909,18191 
DEC2 
Decoder 
(1134) 
DEC3 


(1125) 
DEC4 


Write 
Row 
Det:oMr 


Parameter 
Symbol 
min 
typ 
max 
Unit 


Supply Voltage 
VCC 
4.5 
5.0 
5.5 
V 


Vss 
0 
0 
0 
V 


Input Voltage 
VIH 
2.4 
6.0 
V 
VIL 
-0.5"1 
0.8 
V 
Note) 
01. -3.0V for pulse width:S 
10 ns. 
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DC and Operating Characteristics 
(Ta= 0 to +70°C, Vee= 
SV± 
10%, Vss = OV) 


Parameter 
Symbol 
min 
type, 
max 
Unit 
Test Condition 


Vee=5.5V 
Vin = VSS to Vee 


OE= 
VIH 
Vout 
= VSS to Vee 


Min. cycle, 
lout 
= 0 mA 


JOL = 8 mA *2, Dout 
0 to Dout 
7, 


DEt Output 
pin 


IOH = -4 
mA, Dout 
0 to Dout 
7 


pin 


IOH = -I 
mA, DEt 
Output 
pin 


Input 
Leakage 
Current 
IILlI 
10 
IJA 


Output 
Leakage 
Current 
IILOI 
10 
IJA 


Operating 
Power 
Supply 
Current 
Ice 
50 
90 
mA 


VOL 
0.4 
V 


Output 
Voltage 
2.4 
V 
VOH 


Notes) 
*1. 
Typical 
values 
are at Vee 
= SV, Ta = 25°C 
and for reference 
only. 


*2. 
IOL = 6mA 
for 4Sns 
version. 


Capacitance (Ta = 2SoC.f= 
1.0 MHz) 


Parameter 
Symbol 
min 


Input 
Capacitance 
Cin 


Output 
Capacitance"2 
Cout 


Notes) 
*1. 
This parameter 
is sampled 
and not 
100% tested. 


*2. 13,15 
- 24, 26 pin 


AC Characteristics 
(Vee = SV ± 10%, Ta = 0 to + 70° C, unless otherwise noted.) 
• 
AC Test Conditions 
Input and Output timing reference levels: 1.5V 
Input pulse levels: Vss to 3V 
Input rise and fall times: 5 ns 


Conditions 


Vin = OV 


Vout= 
OV 


Dout 
Output 
Load (B) 
(tou. 
10HZ) 


+5V 


DOllt Outpu' 
Load 
(B) 


(toLZ. 10HZ) 


~HITACHI 


Hitachi America. Ltd.• 
Hitachi Plaza' 
2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 


HM63021 Series 


Read Cycle 


HM63021-28 
HM63021-34 
HM63021-45 


Parameter 
Symbol 
Unit 
min 
max 
min 
max 
min 
max 


Read 
Cycle 
Time 
tRC 
28 
34 
45 
ns 


tRWL 
10 
10 
15 
ns 
Read 
Clock 
Width 


tRWH 
10 
10 
15 
ns 


Access 
Time 
tAC 
20 
25 
30 
ns 


(fall) 
tDAl 
20 
25 
30 
ns 
Decode 
Output 
Access 
Time 
(rise) 
tDA2 
40 
50 
60 
ns 


Output 
Hold 
Time 
tOH 
5 
5 
5 
ns 


(fall) 
tDOHl 
5 
5 
5 
ns 
Decode 
Output 
Hold 
Time 
(rise) 
tDOH2 
5 
5 
5 
ns 


Output 
Enable 
Access 
Time 
tOE 
20 
25 
30 
ns 


Output 
Disable 
to Output 
in High Z 
tOHZ 
0 
15 
0 
20 
0 
25 
ns 


Output 
Enable 
to Output 
in Low Z 
tOLZ 
5 
5 
5 
ns 


Write Cycle 


HM63021-28 
HM63021-34 
HM63021-45 
Parameter 
Symbol 
Unit 
min 
max 
min 
max 
min 
max 


Write 
Cycle 
Time 
twc 
28 
34 
45 
ns 


tWC(l H/2H 
Mode) 
56 
68 
90 
ns 


Write 
Clock 
Width 
tWWL 
10 
10 
15 
ns 


tWWH 
10 
10 
15 
ns 


Input 
Data 
Setup 
Time 
tDS 
5 
5 
7 
ns 


Input 
Data 
Hold 
Time 
tDH 
5 
5 
7 
ns 


WE Setup 
Time 
tWESL 
5 
5 
7 
ns 


tWESH 
5 
5 
7 
ns 


WE Hold 
Time 
tWEHL 
5 
5 
7 
ns 


tWEHH 
5 
5 
7 
ns 


WT Setup 
Time 
tWTSL 
5 
5 
7 
ns 


tWTSH 
5 
5 
7 
ns 


WTHoid 
Time 
tWTHL 
5 
5 
7 
ns 


tWTHH 
5 
5 
7 
ns 


Reset Cycle 


Parameter 
Symbol 
HM63021-28 
HM63021-34 
HM63021-45 


Unit 


min 
max 
min 
max 
min 
max 


Reset 
Setup 
Time 
tRES 
8 
9 
10 
ns 


Reset 
Hold 
Time 
tREH 
5 
5 
7 
ns 


Clock 
Setup 
Time 
Before 
Reset 
tREPS 
8 
9 
10 
ns 


Clock 
Hold 
Time 
Before 
Reset 
tREPH 
5 
5 
7 
ns 


Mode Description 


• 
Time Base Compression/Expansion 
Mode 
This mode turns HM63021 into a 2048-word x 8- 
bit 
FIFO 
memory 
with 
asynchronous 
input/ 


output. 
The 
HM63021 
provides 
2 
clocks 


(RcD<, 
WCLK) and 2 resets 
(RR"£"S, WRESI. 


one each for read and write. The internal address 
counters 
increment 
by 1 address clock and are 


reset to address O. A write-inhibit 
function 
of 


HM63021 
stops writing automatically 
after the 


data 
has been 
written 
into all addresses 0 to 


2047. 
The write-inhibit 
function 
is released by 


reset 
using WRES, and the 
HM63021 
restarts 


writing into address O. 


• 
Double-Speed Conversion Mode 
This mode turns HM63021 into a 1024-word x 
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____________________________________ 
HM63021 Series 


of 
RES. 
Since 
the 
HM63021 
outputs 
a 901 
decode 
pulse 
(DEC1) 
and 
a 910 
decode 
pulse 
('Dl:C2l, 
connecting 
~ 
to RES, for example, 


outputs 
1H- and 
2H- 
delayed 
signals 
alternately 
at a 8- fsc cycle 
when 
the 
original 
signal is input 
at a 4- fsc cycle. 
A write-inhibit 
function 
is pro- 
vided 
in this 
mode, 
making 
it applicable 
to PAL 


TV, 
where 
extra 
data 
(1135-1024 
= 111 
bits) 
is 


ignored. 


• 
Delay 
Line Mode 
This 
mode 
turns 
HM63021 
into 
a 2048-word 
x 


8-bit 
delay 
line with 
synchronous 
input/output. 


Delay 
time 
(3 to 
2048 
bits) 
is defined 
by the 


reset 
period 
of 
RES. 
The 
delay 
is 2048 
bits 


when 
RES is fixed 
High. 
Signals 
delayed 
by 910 


bits 
to 
1135 
bits for example, 
can 
be easily 
ob· 


tained 
without 
external 
circuits 
by just 
connect- 
ing selected 
decoded 
pulses 
on DECl 
- 
DEC4 to 


RES. 


Notes 
on Using HM63021 


• 
Hitachi 
recommends 
that 
pin 
13 
(high 
im- 
pedance) 
should 
be fixed 
by pulling 
up or down 


with 
a resistor 
(of several 
kil) 
in TBC 
or 
DSC 


mode. 


• 
Hitachi 
recommends 
that 
the 
mode 
signal 
input 
pins 
and 
OS pin should 
be fixed 
by pulling 
them 
up or down 
with 
a resistor 
(of several 
kill. 


• 
Data 
integrity 
cannot 
be guaranteed 
when 
mode 
is changed 
during 
operation. 


• 
When 
a 
read 
address 
coincides 
with 
a 
write 
address 
in TBCE, 
TBC or DSC mode, 
the data 
is 
written 
correctly 
but 
it 
is 
not 
always 
read 
correctly. 


8-bit 
x 
2 
memory 
with 
asynchronous 
input/ 


output. 
It is used 
for generating 
non-interlaced 
TV 
signals. 
When 
the 
original 
signal 
and 
the 


interpolated 
signal 
(1 field 
delay) 
of 
interlaced 


signals 
are 
input 
to 
the 
HM63021, 
multiplexed 
per dot, 
it outputs 
non-interlaced 
signals for each 
line. 
8 fsc should 
be input 
to RCLK and WCLK. 


A standard 
H synchronizing 
signal 
and 
a non- 


interlace 
H 
synchronizing 
signal 
are 
input 
to 
WR"E 
and 
"Rl1E 
respectively. 
A write-inhibit 


function 
is 
provided 
in 
this 
mode, 
making 
it 


applicable 
to 
PAL 
TV, 
where 
extra 
data 


(1135-1024 
= 111 bits) 
is ignored. 


• 
TBC Mode 
This 
mode 
turns 
HM63021 
into 
2048-word 
x 
8-bit 
FIFO 
memory 
with 
asynchronous 
input/ 


output. 
The 
HM63021 
provides 
2 
clocks 
(RCLR, 
WCLK) 
and 
2 
resets 
(R""RtS, WR"E'S"1, 


one each for read and write. 
The 
internal 
address 
counters 
increment 
by 
1 address 
at each 
clock 
and 
are 
reset 
to address 
O. The 
internal 
address 
counters 
return 
to 
add ress 
0 
after 
they 
reach 
address 
2047. 
The 
HM63021 
outputs 
a write 
decode 
pulse 
from WJ:5"r"C", synchronizing 
it with 


address 
2047 
in the 
write 
address 
counter, 
and 
read 
a decode 
pulse 
from 
RDEC, 
synchronizing 


with 
address 
2047 
in the 
read 
address 
counter. 


Using 
these 
pulses, 
the 
memory 
area 
can 
be ex- 
tended 
easily 
(multiple-HM63021s 
can 
be used 


with 
ease). 


• 
1H/2H 
Delay 
Mode 


This 
mode 
turns 
HM63021 
into 
a 1024-word 
x 
8-bit 
x 
2 
delay 
line 
with 
synchronous 
input/ 
output. 
Delay time 
is defined 
by the 
reset period 


(1) 
Read after 
Write 
(3 bits delay) 
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• 
At power on, the output 
of the address counter 
is not defined. 
Therefore, 
operations 
before the 
system is reset cannot be guaranteed, and decode 
signal output 
is not defined 
until after the first 
reset cycle. 


• 
The decode signal is latched by a decode output 
latch circuit 
at the 
previous address of the in- 
ternal 
counter 
address and is output 
synchron- 
ized with the ne~t address. 
For example, WDEC 
in TBC mode 
is latched at write address 2046 
and is output 
at write address 2047. 
If a write 
reset is performed 
on address 2047 at this time, 


the write address becomes 0 and W"i"l"EC 
is out- 
put. 
The same operation is performed in other modes. 


• 
In the 
reset cycle, the 
input 
levels of WRES, 
ARES, 
~ 
are raised to satisfy t R EH, and are 
fixed high until 
tREPH 
in the next pre-reset cycle 
is satisfied. 
The rise timings of the reset signals 
(RES; WRES, R'R"ES) are optionals provided that 
the 
tREPS 
specification is satisfied. 
The timings 
at which RES, WRES, and RRES fall after pre- 
reset are also optional, 
provided that the 
t R EPH 
and t R ES specifications 
are satisfied. 


• 
Hitachi 
recommends 
that 
tm 
(time 
between 
mode set and the first cycle (Pre-reset)) should 
be kept for 2 cycle time (56ns / 6ans / 90ns) or 
more while the power supply is on. 


~L::-J 
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~ 
~ 
~l:::-J 


Decode 
Signal 


When internal 
address counter 
reaches the specified address as shown below, 
decode outputs 
become low. 


Mode 
Pin 
Pin 
Internal Address 
Timing of the 
Operation 
No. 
Name 
counter 
Output Signal 


13 
WDEC 
Write 2047 
After Write 2047 
Completion of Writing on all bits is detected. 
TBC 
26 
RDEC 
Read 2047 
Output of 2046 
Completion of Reading from all bits is detected. 


13 
DECI 
Read 900 (2H) 
Output of 900 (l H) 
By inputting this signal to pin #3, 901/1802·bit 


IH/2H 
delay output is obtained. 


26 
DEC2 
Read 909 (2H) 
Output of 909 (l H) 
By inputting this signal to pin #3, 910/182()..bit 
delay output is obtained. 


By inputting this signal to pin #3, 901·bit delay 
output is obtained. 
By inputting this signal to pin #3 after the 
frequency of DECI is devided into two, 1811-bit 
delay output is obtained. 
By inputting this signal to pin #3, 9l0-bit delay 
output is obtained. 
By inputting this signal to pin #3 after the 
frequency of DEC2 is devided into two, 1820-bit 
delay output is obtained. 
By inputting this signal to pin #3, 1135-bit delay 
output is obtained. 
By inputting this signal to pin #3, 1126-bit delay 
output is obtained. 


Note) When counter is reset by Reset Signal (RJU:S, RES, WIfES), address becomes O. 


Write-inhibit 
Function 


When internal 
address counter 
is as follows, 
writing 
is inhibited 
automatically 
for the next cycle. 
The write- 


inhibit 
function 
is cancelled by reset through 
WRES or RES. 


Write-inhibit Function 
(internal counter address) 
Write-inhibit after address 2047 
Write-inhibit after address 1023 x 2 
No function 
Write-inhibit after address 1023 
No function 


TBCE 
DSC 
TBC 
IH/2H 


D 
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The read address counter 
is reset at the first falling edge of RCLK after RRES falls. meeting the specifications 


of tREPS and t REPH. and it is not reset at the next falling edge of RCLK even if RRES is kept low. 
When tRES. tREH. tREPS, and tREPH cannot 
meet the specifications. 
the reset operation 
is not guaranteed. 


Output 
is from the read address of the previous cycle. 


When IfIl:E"S" is fixed high, the data at the read address counter 
is reset after the data of address 2047 is output, 


and the same operation restarts. 


Note) 
The write address counter 
is reset at the first falling edge of WCLK after WRES falls, meeting the specifications 
of 
tREPS and tREPH, and it is not reset at the next failing edge of~ 
even if ~ 
is kept low. 
When tRES. tREH, tREPS, and tREPH cannot 
meet the specifications, 
the reset operation 
is not guaranteed. 
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The write address counter 
is reset at the first falling edge of WCI:X after WRl:S falls, meeting 
the specifications 


of tREPS and tREPH, and is not reset at the next falling edge of wcrx 
even if WIfrS is kept low. 


When tRES. tREH. 
tREPS, 
and tREPH 
cannot 
meet the specifications, 
the reset operation 
is not guaranteed. 


The read address 
counter 
is reset at the first falling edge of ~ 
after ~ 
falls, meeting 
the specifications 


of tREPS and tREPH, and it is not reset at the next falling edge of RLK even if RRES is kept low. 
When tRES, 
tREH, tREPS an~H 
cannot 
meet the specifications, 
reset operation 
is not guaranteed. 


When tREPH, 
tRES, 
tREH 
(WRES to ~), 
or tREPS, 
tREPH. tRES, 
tREH (l'RES to RCLK) cannot 
meet 


the specifications, 
the output 
of video signal A is not guaranteed. 
(Reset Timing I). 


When tREfS 
(WRES to RCLK), 
or tRES, tREH. tREPS, tREPH (PRES 
to RCLK) cannot 
meet the specifica- 
tions, the interpolation 
signal B is not guaranteed. 
(Reset Timing II). 
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eLK 


(81,,) 


*1 
WT 


(4f.d 


1'-----0 


Notes) 
*1. 
WT is the input 
during haIf cycle of eLK, meeting the specifications 
of tWTSL. 
tWTHL, 
tWTSH,and 
tWTHH. 


Data is written when WT is low. 
Reset is possible when WT is high. 


·2. 
Read address 
counter 
is reset at the nrst 
falling edge of ITK after ~ 
falls, meeting the specifications 
of 


tREPS 
and tREPH, and it is not reset at the next falling edge of CLK even if~ 
is kept low. 


When tRES, 
tREH, 
tREPS. 
and tREPH cannot meet the specifications, 
the reset operation 
is not guaranteed. 


·3. 
When OS is nxed 
high, IH output 
data is delayed by n bits and 2H output 
data is delayed by 2n bits where 2n 


is the reset cycle of ng: 
When OS is nxed low, 1H output 
data is delayed by n-S bits and 2H output 
data is delayed by 2n-S bits. 
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Note) 
*1. 
The read address counter 
is reset at the first falling edge ofCLK 
after RES falls. meeting the specifications 
of 
tREPS and tREPH. 
and it is not reset at the next faJling edge of CLK even if~ 
is kept low. 


When tRES. 
tREH. 
tREPS. 
and tREPH 
cannot 
meet the specifications. 
the reset operation 
is not guaranteed. 


Notes) 
*1. 
When tWEHL. tWESH. tWEHH. and tWESL cannot 
meet this specifications. 
the write enable operation 
is not 
guaranteed. 
*2. 
In the delay line mode, CLK takes the place of WCLK. 
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Notes) 
01. 
In TBC mode, WCLK or RCLK takes the place of CLK. 
_ 


°2. 
DEC is wrmc 
or RDEC in TiiC', DECI, 
DEC2, DEC3 or DEC4 in D mode. 
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Note) 
'1. 
Transition 
oftOHZ 
and tWLZ is measured 
±200 mY from steady state voltage with Output 
Load B. 
This parameter 
is sampled 
and not 100% tested. 
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HM53051P* 
• An Application 
Note 
is available 
for this 
device, 
contact 
your 
local 
Hitachi 
representative. 


HM53051 P is a 262,144-word 
x 4-bit frame memory, using the 
most advanced 1.3J.lm CMOS processes. 
It performs serial access 
by an internal address generator. 
It offers a high-speed cycle time of 45ns or 60ns (minI. 
As 
input data and output 
data can be written or read in any cycle, 
synchronized 
with a system clock, and the delay between data 
read/write 
operations 
is freely 
settable. 
Y/C separation 
and 
frozen pictures can be realized easily in 4fsc NTSC digital TV or 
VCR systems. 
Also, it enables random access in 32-word x 4-bit 
data 
block. 
With this function, 
picture 
in picture or a multi· 
plexed picture can be displayed with ease. 
Features 
• 
262,144-word 
x 4-bit serial access memory 
• 
Organized with dual ports 
Serial input 
x 4-bit 
Serial output 
x 4-bit 
• 
High Speed 
Read/Write Cycle Time: 45ns/60ns 
(min) 
Access Time: 35ns/40ns 
(max) 
• 
Semi·synchronous 
Read/Write Cycle 
• 
Low Power 
Active: 200mW (typ) 
• 
Random Access in 32-word x 4-bit blocks 
• 
External Refresh Control is unnecessary 
Ordering Information 


Type No. 


HM53051 P-45 
HM53051P-60 


Block Diagram 


Address 
Counter 
& 
Register 


Read/Wrile/Refresh 
Control 
& 
Timing 
Generator 


Cycle Time 


45ns 
60ns 
300 mil 18-pin 
Plastic DIP 


Pin Name 


Din 
Dout 


OE 
TAS 
CLK 
CGW 


CGR 


SAD 
SAS 
WE 


Function 


Data Input 
Data Output 
Output Enable 
Transfer Address Strobe 
System Clock 


Clock Gate (Write) 
Clock Gate (Read) 


Serial Address 
Serial Address Strobe 
Write Enable 
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Serial access memory with I/O separated 
Read cycle and write cycle of HM53051 can be 
operated 
independently 
synchronized with a system 


clock. 
It realizes time compression or expansion for 
picture in picture in digital TV, for example. 


• 
Write cycle by CGW 
Write data are taken 
in at the falling edge of the 


system clock ClK 
when CGW is low. 
If CGW is 


high, HM53051 does not enter write cycle (cycle 
time is defined by system clock cycle time). 
Time 


is compressed easily with CGW. 


I 


Dn+2X XXXXXXX 


_________ 
1 
I 


:ZX__ Dn~x:t:lX~D_n+_l~XXXXXXXXX 


• 
Read Cycle by CGR 
Read data is output at the falling edge of the system 
clock 
ITK 
when 
CGll 
is low. 
If C"Gl1 is high, 


HM53051 does not enter read cycle (cycle time is 


defined by system clock time). 
Time is expanded 


is realized easily with "CGlf. 


Random Access 
The HM53051 
is also capable of random access by 


serial address input, SAD. 
Random access by the 


unit of 32-word x 4-bit is performed, 
when TAS is 


low after read address (ARO - AR12), write address 
(AWO - 
AW12) and mode setting flags, RF (Read 


Flag), WF (Write Flag) and MF" (Mode Flag) are read 
into by SAD with synchronous 
SAS. 
In order to 


output 
data continuously, 
the address specified by 


SAD increments automatically. 


Mode Programming 
Operation 
mode in HM53051 is programmed by the combination 
of SAD 5-bit. 


MF" 
WF 
1W 
AWO 
ARO 
Mode 


0 
0 
0 
x 
x 
Write/read address asynchronous 
transfer 


0 
0 
1 
x 
x 
Write address asynchronous 
transfer 


0 
1 
0 
x 
x 
Read address asynchronous 
transfer 


0 
1 
1 
x 
x 


1 
0 
0 
x 
x 
Write/read address synchronous transfer 


1 
0 
1 
x 
x 
Write address synchronous transfer 


1 
1 
0 
x 
x 
Read address synchronous transfer 


1 
1 
1 
1 
I 
System reset 


1 
1 
1 
0 
0 


1 
1 
1 
0 
1 
Inhibit 


1 
1 
1 
1 
0 


Note) 
x means Don't care. 
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HM53051P------------------------------------ 
ReadIWrite Address Asynchronous Transfer Mode 
• 
Read address asynchronous 
transfer mode 


(1) 
Read address asynchronous 
transfer mode (1) (CGR: Low) 


~-----~-----~ 


~------ 
__ 
~~2--- 
D31~ 
_I. 
AddAR 
.1. 
AddAR+I 


Note) 
The data block at read address AR, specified by SAD, is output starting from the 32-nd system clock after the 
ofTAS. 


(2) 
Read address asynchronous 
transfer mode (2) (CGR: High) 


I 
2 
3 
31 


CLK 
~----- 


TAS 
L-J 


~ 
AddAR 


__ 
'fIf. 
I. 


Notes) 
*1. 
The data block at read address AR, specified by SAD, is output starting from the 32-nd system clock after 
the falling of m. 
*2. 
If"CGR is turned to low after 33-rd clock from the falling edge of TAS, the data at read address AR (02, 03, 
04 ... ) is output with synchronous CLK while CGK is low. 


• 
Write address asynchronous 
transfer mode 


(1) Write address asynchronous 
transfer mode (1) (CGW: Low) 


I 
2 
3 
31 
32 
33 
63 
64 
65 
CLK 
~- 
--- 
- LJL...Sl...-.I- -- --~ 


~----- 
AddAW 


D2--~ 


AddAW+I 
AddAW+2 


Note) 
The data block at write address AW, specified by SAD, is taken in starting from the I-st clock after the falling edge 
ofTAS. 


(2) Write address asynchronous 
transfer mode (2) (CGW; High) 


--, 
I r-l 
2 r-l 
3 r- 
_ 
31 
32 


CLK 
l-...J L-.J 
L-.J 


~------ 


AddAW 


If {X;W is turned to low after falling of TpJ(the 
data block at write address AWis taken in with synchronous eLK. 
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ReadIWrite 
Address 
Synchronous 
Transfer Mode 


• 
Read address synchronous transfer mode 


1 ;O;n:;>32 


1 
2 
n 
31 
32 
33 
34 
63 
64 
65 
66 


~l~ll~j\~ 


ll~\l 
jl 


Dout 
~)~)~\~ 
-~~----~-~ 
Add ARN -- 
I 
Add ARN+l 
I 
AR 


Note) 
When TAS turns to low, the data block at read address AR, specified by SAD, is output after the data block at the 
present read address ARN, and the next address ARN+ I is put out. 


• 
Write address synchronous transfer mode 


----, 
1 ......, 2 Mf-, 
n ,.---; 
+ ~\---, 
31 ,.......,32,......., 33 .- ..•.,1~~ 
32 
eLK 
L...J LJ 
L...J 
LJ 
L...J 
L...J L...J 
L...J 


TAS 
rJ~rj 


Din 
~))~)~ 


• 
Add AW 
.1. 
Add AW + 1 


System 
Reset Mode 
System reset mode is the same as read/write address asynchronous 
transfer mode except that read/write 


address are reset to O. 


• 
System reset by SAD 


Note) 
System reset mode starts when MF, WF, RF, AWO,and ARO are all high. 


IJ1.Sl 
~ 
L....J 


~SYstem 
reset mode 


• 
1 field delay 


Note) 
Field-delayed 
data is output, 
when CGR and CGW turn to high before the system reset at the beginning of every 
field, and turn to low simultaneously 
after the 33rd clock from the system reset. 
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Notes on Using HM53051 
• 
Input/output 
data of 32 words is not written or 
read in read/write 
address asynchronous 
transfer 
mode or during system reset. The data is written 
or read out in blocks of 32-word x 4-bit. 
Input 
data of less than 32 words is not written in write 
address 
asynchronous 
transfer 
mode or during 
system 
reset. 
When asynchronous 
read address 
transfer mode or system reset mode is activated, 
output 
from 
the 
current 
data 
block 
will 
continue. 
When output 
data from the current 
data block is finished, the next data block is not 
read out if it has less than 32 words. 


• 
Input data is not read out immediately. 
The data 
(32 word x 4·bit) 
is written 
into the memory 
array in the next 32 cycles after it is taken in. 
The data can be read out only after writing to 
the memory array is completed. 
If read address 
transfer 
mode is programmed 
after the 33 word 
clock from on input data block, new data can be 
read out. 
If this mode is programmed before the 
33 word clock, new data or old data is output. 


I 


Reading from Address 
Al'l 


.1. 
Dout of Address 
AR+l 
_I_ 


Dout 
of 


Address 
AN 
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• 
Mode programming 
Do not reprogram 
read address transfer 
mode 
before 
a read operation 
of the previous read 
address transfer 
mode or system reset mode is 
completed. 
If it is reprogrammed 
during a read 
operation, 
address 
becomes 
invalid, 
and 
the 
device may malfunction. 


Do not reprogram write address transfer mode or 
system 
reset mode before a write operation 
of 
the 
previous 
write 
address 
transfer 
mode 
or 
system reset mode is completed. 
If it is repro- 
grammed 
during 
a 
write 
operation, 
address 
become invalid, and the device may malfunction. 


Reading from 
Address AM 


Dout 
of 
Address 
AN 
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• 
Addresses must be set by read and write address 
asynchronous 
transfer 
or 
system 
reset 
100/ls 


after 
power on. 
Before an address can be set, 


32 
elK 
initialization 
cycles 
or more 
are re- 
quired. 


Symbol 


VT 


PT 


Topr 


Tstg 


Tbias 


Rating 
Unit 


-1.0 to +7.0 
V 


1.0 
W 


o to +70 
·C 


-55 to +125 
·C 


-10 to +85 
·C 


Voltage on Any Pin Relative to Vss 


Power Dissipation 


Operating Temperature 


Storage Temperature 


Storage Temperature 
(under bias) 


Recommended 
DC Operating 
Conditions(Ta 
= 0 to +70°C) 


Parameter 
Symbol 
min 
typ 
max 
Unit 


5.5 
V 


0 
V 


6.5 
V 


0.8 
V 


Vee 


VSS 


VIH 


VIL 


Note) 
*1. 
-3.0V for pulse width;:; 
IOns. 


DC and Operating 
Characteristics 
(Ta = 0 to +70°C, Vee = SV ± 10%, Vss = OV) 


Parameter 
Symbol 
Test Conditions 
min 
typ 
max 
Unit 


Operating Power Supply Current 
Ice 
Min. cycle, 
40 
60 
mA 
lout = 0 mA 


Input Leakage Current 
ILl 
Vee = 5.5 V 
-10 
10 
,.A 
Vin = VSS to Vee 


Output Leakage Current 
lLO 
()E" = VIH 
-10 
10 
,.A 
Vout = VSS to Vee 


VOL 
10L = 4.2 mA 
0.4 
V 


Output Voltage 


VOH 
IOH =-2 
mA, 
2.4 
V 


Capacitance 
(Ta = 25°C, f = 1.0 MHz) 


Parameter 
Symbol 
Test Co'nditions 
min 
typ 
max 
Unit 


Input Capacitance 
Cin 
Vin = 0 V 
5 
pF 


Output Capacitance 
Cout 
Vout = 0 V 
7 
pF 


Note) 
This parameter is sampled and not 100% tested. 
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CLK 


CGW 


lilies 
l •. eN 


WE 


'" 
'.. 


Din 


CGR 


OE 
Low 


Notes) 
·1. 
Write Cycle starts when CGWis low and WE is low. Data are not written when WE is high. 
Time-<:ompressionmode is realized by controlling CGW. 


·2. 
Read cycle starts when CGR is low. Time-expansion mode is realized by controlling CGR. 


Notes) 
.1. 
tOHZ is defined by the time at which the output achieves the open circuit condition. 


·2. 
tOLZ and tOHz are sampled and not 100% tested. 
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Note) 
SAS operates asynchronously with CIJC When TAS is low at the falling edge of the CI:K, the address transfer cycle 
starts. SAS should be high during the address transfer cycle. 


Note) 
The mode which was selected by SAD before sxs- and TAS reset, if SAS and TAS are reset, should be changed 
because SAD is newly taken into by SAS. The mode should be reselected by SAD after SAS and TAS reset. 
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HM53461 Series 


The HM53461 
is a 262, 144-bit 
multiport 
memory equipped 


with a 64k-word 
x 4-bit Dynamic RAM port and a 256-word x 4- 
bit 
Serial Access Ml'!mory 
(SAM) port. 
The SAM port 
is con- 


nected to an internal 1,024-bit data register through a 256-word x 
4-bit 
serial read or write 
access control. 
In the read transfer 


cycle, the memory cell data is transferred from a selected word 
line of the RAM port to the data register. The RAM port has a 
write 
mask capability 
in addition 
to the conventional operation 


mode. Write bit selection out of 4 data bit can be achieved. 
Utilizing 
the 
Hitachi 
2j.Lm 
CMOS process, fast serial access 


operation 
and low power dissipation are realized. All inputs and 


outputs, 
including 
clocks, are TTL compatible. 


• 
Multiport 
organization 
(RAM; 64k-word x 4-bit and SAM; 256 word x 4-bit) 


• 
Double layer polysilicon/polyicide 
n-well CMOS process 


• 
Single 5V (±10%) 
• 
Low power 
Active 
RAM; 
380mW max. 
SAM; 
220mW max. 


Standby 
40mW max. 
RAM; 
100ns/120ns/150ns 


SAM; 
40ns/40ns/60ns 


• 
Cycle Time 
Random read or write cycle time (RAM) 
190ns/220ns/260ns 
Serial read or write cycle time (SAM) 
40ns/40ns/60ns 


• 
TTL compatible 


• 
256 refresh cycles ..... 
4ms 


• 
Refresh function 
RAS - 
only refresh 


CAS - before - 
RAS refresh 


Hidden refresh 


• 
Data transfer operation (RAM~SAM) 


• 
Fast serial access operation 
asynchronized 
with 
RAM 
port 


except data transfer cycle 


• 
Real time read transfer capability 


• 
Write mask mode capability 


Type No. 


HM5346IP-IO 
lOOns 
HM53461P-12 
120ns 
HM53461P-15 
150ns 
- -- 
---------- 
f----. 


HM53461ZP-10 
lOOns 
HM53461ZP-12 
120ns 
HM53461ZP-15 
150ns 


400 mil 24-pin 
Plastic DIP 
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• PIN ARRANGEMENT 


• 
H M53461 
P Series 
Pin Name 
Function 


AD - A7 
Address Inputs 


1/01 - 1/04 
RAM Port Data Input/Output 


SI/O I - SI/04 
SAM Port Data Input/Output 


RAS 
Row Address Strobe 


CAS 
Column Address Strobe 


SC 
Serial Clock 


WE 
Write Enable 


DT/OE 
Data Transfer/Output 
Enable 


SOE 
SAM Port Enable 


VCC 
Power Supply 


VSS 
Ground 


sc 
Vss 


51/0, 
51/0. 


51/0. 
51/0, 


TIT/OE 
4 


I/O, 
lio. 


I/O. 
I/O. 


A. 
A, 


A, 
A. 


A. 
A, 


A, 
(Bottom View) 
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• 
ABSOLUTE MAXIMUM 
RATINGS 
Voltage on any pin relative to Vss 
-1V to +7V 
Power supply voltage relative to V55 
-O.SV to +7V 
Operating temperature, 
Ta (Ambient) 
O°C to +70°C 
Storage temperature 
-SSoC to +12SoC 
Short circuit output current 
SOmA 
Power dissipation 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1W 


Parameter 
Symbol 
min. 
typo 
max. 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input High voltage 
V/H 
2.4 
- 
6.5 
V 


Input Low voltage 
VIL 
-0.5*' 
- 
0.8 
V 


Notes: 
1. All voltages referenced to VSS. 
2. -3.0V for pulse width ~ IOns. 


• 
DC ELECTRICAL 
CHARACTERISTICS 
(Ta = 0 to +70"C, VCC = 5V ±10%, VSS = OV) 


Symbol 
SAM PORT 
HM53461 
HM53461 
HM53461 
RAM PORT 
-10 
-12 
-15 
Unit 
Standby 
Active 


Operating current RAS, CAS cycling 
ICCI 
0 
X 
70 
60 
50 
mA 


tRC = min. 
ICC? 
X 
0 
110 
100 
80 
mA 


Standby current RAS, CAS = V1H 
ICC2 
0 
X 
7 
7 
7 
mA 


ICC8 
X 
0 
40 
40 
30 
mA 


RAS only refresh curren t 
ICC3 
0 
X 
60 
50 
40 
mA 
CAS = VIH. RAS cycling tRC = min. 
ICC9 
X 
0 
100 
90 
70 
mA 


~mode 
current RAS = V1Lo 
ICC4 
0 
X 
50 
40 
35 
mA 
A cycling tpcR 
min. 
ICCIO 
X 
0 
90 
80 
65 
mA 


CBR refresh current RAS cycling 
ICCS 
0 
X 
60 
50 
40 
mA 


tRCe 
min. 
ICClt 
X 
0 
100 
90 
70 
mA 


Data transfer curren I 
ICC6 
0 
X 
75 
65 
55 
mA 
RAS, 'CAS cycling tRC = min. 
ICCI2 
X 
0 
115 
105 
85 
mA 


Parameter 
Symbol 
min. 
max. 
Unit 
Input leakage 
ILl 
-10 
10 
IlA 
Output leakage 
ILO 
-10 
10 
IlA 
Output high voltage IOH=-2mA 
VOH 
2.4 
- 
V 


Output low voltage IOL =4.2mA 
VOL 
- 
0.4 
V 


Parameter 
Symbol 
typo 
max. 
Unit 


Address 
cn 
- 
5 
pF 


Clocks 
CI2 
- 
5 
pF 


I/O, SIlO 
CI/O 
- 
7 
pF 
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• ELECTRICAL 
CHARACTERISTICS 
AND RECOMMENDED 
AC OPERATING 
CONDITIONS 
(Ta=O to +70°C, Vcc=5V±10%, 
VSS=OV)I)·lO),I1) 


HM53461-10 
HM53461-12 
HM53461-15 
Parameter 
Symbol 
Unit 
Note 
min. 
max. 
min. 
max. 
min. 
max. 
Random Read or Write Cycle Time 
tRC 
190 
- 
220 
- 
260 
- 
ns 
Read-Modify-Write Cycle Time 
tRWC 
260 
- 
300 
- 
355 
- 
ns 


Page .Mode Cycle Time 
tpc 
70 
- 
85 
- 
105 
- 
ns 


Access Time from RAS 
tRAC 
- 
100 
- 
120 
- 
150 
ns 
2,3 


Access Time from CAS 
tCAC 
- 
50 
- 
60 
- 
75 
ns 
3,4 


Output Buffer Turn Off Delay referenced to CAS 
tOFFl 
0 
25 
0 
30 
0 
40 
ns 
5 
Transition Time (Rise and Fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
6 
RAS Precharge Time 
tRP 
80 
- 
90 
- 
100 
- 
ns 
RAS Pulse Width 
tRAS 
100 
10000 
120 
10000 
150 
10000 
ns 
CAS Pulse Width 
tCAS 
50 
10000 
60 
10000 
75 
10000 
ns 
RAS to CAS Delay Time 
tRcD 
25 
50 
25 
60 
30 
75 
ns 
7 
RAS Hold Time 
tRSH 
50 
- 
60 
- 
75 
- 
ns 
CAS Hold Time 
tCSH 
100 
- 
120 
- 
150 
- 
ns 
CAS to RAS Precharge Time 
tCRP 
10 
- 
10 
- 
10 
- 
ns 
Row Address Setup Time 
tASR 
0 
- 
0 
- 
0 
- 
ns 
Row Address Hold Time 
tRAH 
15 
- 
15 
- 
20 
- 
ns 
Column Address Setup Time 
tASC 
0 
- 
0 
- 
0 
- 
ns 
Column Address Hold Time 
tCAH 
20 
- 
20 
- 
25 
- 
ns 
Write Command Setup Time 
twcs 
0 
- 
0 
- 
0 
- 
ns 
8 
Write Command Hold Time 
twcH 
25 
- 
25 
- 
30 
- 
ns 
Write Command Pulse Width 
twP 
15 
- 
20 
- 
25 
- 
ns 
Write Command to RAS Lead Time 
tRwL 
35 
- 
40 
- 
45 
- 
ns 
Write Command to CAS Lead Time 
tCWL 
35 
- 
40 
- 
45 
- 
ns 
Data-in Setup Time 
tDS 
0 
- 
0 
- 
0 
- 
ns 
9 
Data-in Hold Time 
tDH 
25 
- 
25 
- 
30 
- 
ns 
8,9 
Read Command Setup Time 
tRCS 
0 
- 
0 
- 
0 
- 
ns 
Read Command Hold Time 
tRCH 
0 
- 
0 
- 
0 
- 
ns 
Read Command Hold Time referenced to RAS 
tRRH 
10 
- 
10 
- 
10 
- 
ns 
Refresh Period 
tREF 
- 
4 
- 
4 
- 
4 
ms 
RAS Pulse Width (Read-M'odify-Write Cycle) 
tRWS 
170 
10000 
200 
10000 
245 
10000 
ns 
CAS to WE Delay 
tCWD 
85 
- 
100 
- 
125 
- 
ns 
8 
CAS Setup time (CA5-before-RAS refresh) 
tCSR 
10 
- 
10 
- 
10 
- 
ns 
CAS Hold Time (CA5-before-RAS refresh) 
tCHR 
20 
- 
25 
- 
30 
- 
ns 
RAS Precharge to CAS Hold Time 
tRPC 
10 
- 
10 
- 
10 
- 
ns 
CAS Precharge Time 
tcp 
10 
- 
15 
- 
20 
- 
ns 
Access Time from OE 
tOAC 
- 
30 
- 
35 
- 
40 
ns 
Output Buffer Turn-off Delay referenced to OE 
tOFF2 
0 
25 
0 
30 
0 
40 
ns 
OE to Data-in Delay Time 
tODD 
25 
- 
30 
- 
40 
- 
ns 
OE Hold Time referenced to WE 
tOEH 
10 
- 
15 
- 
20 
- 
ns 
Data-in to CAS Delay Time 
tDZC 
0 
- 
0 
- 
0 
- 
ns 
Data-in to OE Delay Time 
tDZO 
0 
- 
0 
- 
0 
- 
ns 
OE to RAS Delay Time 
tORD 
35 
- 
40 
- 
45 
- 
ns 
Serial Clock Cycle Time 
tscc 
40 
- 
40 
- 
60 
- 
ns 


Access Time from SC 
tSCA 
- 
40 
- 
40 
- 
60 
ns 
10 


Access Time from SOE 
tSEA 
- 
25 
- 
30 
- 
40 
ns 
10 


SC Pulse Width 
tsc 
10 
- 
10 
- 
10 
- 
ns 
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• 


HM53461-10 
HM53461-12 
HM53461-15 
Unit 
Note 
Parameter 
Symbol 
min. 
max. 
min. 
max. 
min. 
max. 


SC Precharge Width 
tscp 
10 
- 
10 
- 
10 
- 
ns 


Serial Data-out Hold Time after SC High 
tSOH 
10 
- 
10 
- 
10 
ns 


Serial Output Buffer Turn-off Delay from SOE 
tSEZ 
0 
25 
0 
25 
0 
30 
ns 


Serial Data-in Setup Time 
tSIS 
0 
- 
0 
- 
0 
- 
ns 


Serial Data-in Hold Time 
tSIH 
15 
- 
20 
- 
25 
- 
ns 


DT to RAS Setup Time 
tDTS 
0 
- 
0 
- 
0 
- 
ns 


DTto RAS Hold Time(Read Transfer Cycle) 
tRDH 
80 
- 
90 
- 
110 
ns 


Dr to RAS Hold Time 
tDTH 
15 
15 
20 
ns 


DT to CAS Hold Time 
tCDH 
20 
30 
45 
ns 


Last SC to DT Delay Time 
tSDD 
5 
- 
5 
- 
10 
- 
ns 


First SC to Dr Hold Time 
tSDH 
25 
- 
25 
- 
30 
- 
ns 


Dr to RAS Delay Time 
tDTR 
10 
- 
10 
- 
10 
- 
ns 


WE to RAS Setup Time 
tws 
0 
- 
0 
- 
0 
- 
ns 


WE to RAS Hold Time 
tWH 
15 
- 
15 
- 
20 
- 
ms 
I/O to RAS Setup Time 
(MS 
0 
- 
0 
- 
0 
- 
ns 


I/O to RAS Hold Time 
tMH 
15 
- 
15 
- 
20 
- 
ns 
Serial Output Buffer Turn-off Delay from RAS 
tSRZ 
10 
50 
10 
60 
10 
75 
ns 
SC to RAS Setup Time 
tSRS 
30 
- 
40 
- 
45 
- 
ns 
RAS to SC Delay Time 
tSRD 
25 
- 
30 
- 
35 
- 
ns 
Serial Data Input Delay Time from RAS 
tSID 
50 
- 
60 
- 
75 
- 
ns 
Serial Data Input to DT Delay Time 
(SZD 
0 
- 
0 
- 
0 
- 
ns 
SOE to RAS Setup Time 
tES 
0 
- 
0 
- 
0 
- 
ns 


SOE to RAS Hold Time 
tEH 
15 
- 
15 
- 
20 
- 
ns 
Serial Write Enable Setup Time 
tsws 
0 
- 
0 
- 
0 
- 
ns 
Serial Write Enable Hold Time 
tSWH 
35 
- 
35 
- 
55 
- 
ns 
Serial Write Disable Setup Time 
tSWIS 
0 
- 
0 
- 
0 
- 
ns 
Serial Write Disable Hold Time 
tswIH 
35 
- 
35 
- 
55 
- 
ns 
DT to Sout in Low-Z Delay Time 
tDLZ 
5 
- 
10 
- 
10 
- 
ns 


Notes) 
I. AC measurements assume tT=5ns. 
2.Assumes 
that 
tRCD;;!;tRCD(max). 
If tRCD 
is greater 
than the maximum recommended 
value shown in this 
table, t RAC exceeds the value shown. 
3.Measured with a load circuit equivalent to 2TTL loads 
and 100pF. 


".Assumes that tRCD~tRCD(max). 
5.IOFF(max) 
defines 
the 
time 
at 
which 
the 
output 
achieves the open circuit condition and is not referenced 
to output voltage levels. 


6. VIH<min) 
and VIL(max) are reference levels for measur- 
ing timing of input 
signals. Also, transition 
times are 
measured between 
VIHand 
VIL' 
7.0peration 
with the tRCD(max) 
limit insures that tRAC 
(max) can be met, tRCD(max) 
is specified as a reference 
point only, if t RCD is greater than the specified t RCD 
(max) limit, then access time is controlled exclusively be 


tCAC. 


8.twcs 
and t CWD are not restrictive operating parameters. 
They are included in the data sheet as electrical charac- 
teristics only: if twcs~ 
twcs(min), 
the cycle is an early 
write cycle and the data out pin will remain open circuit 
(high impedance) throughout 
the entire cycle; if t CWD 


~t CWD(min), 
the cycle is a read/write 
and the data 
output 
will contain data read from the selected cell; if 
neither of the above sets of conditions 
is satisfied, the 
condition 
of the data out (at access time) is indeter- 
minate. 


9.These parameters are referenced to CAS leading edge in 
early write cycle and to WE leading edge in delayed 
write or read-modify-write 
cycles. 


10.Measured 
with a load circuit equivalent 
to 2TTL and 
50pF. 
11.An initial pause of 100/,s is required after power-up. 


Then execute at least 8 initialization cycles. 
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-WAVE 
FORMS 


• READ CYCLE 


~Donotcare 


* 1.When WE is "H" level, the all data on the I/O can be written into the cell. 
When WE is "L" level. the data on the I/O are not written except for when I/O is 'high' at the falling edge of RAS. 
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I/O 
(Jnput) 


1m Do not care 


'1. When WE is "H" level, all the data on 1/01-1/04 
can be written into the memory cell. 


When WE is "L" level, the data on 1/05 are not written exept for when I/O="H" at the falling edge of RAS. 


I/O 
(Jnput) 


Note) '1. When WE is "H" level, all the data on 1/01-1/04 
can be written into the memory cell. 


When WE is "L" level, the data on 1/05 are not written except for when I/O="H" at the falling edge of RAS. 
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I/O 
(Output) 


I/O 
(Input) 


I/O 


(Input) 


1/0 


(Output) 


Note) 
* I. When WE is "H" 
level, aU the data 
on 1/0-1/04 
can be written 
into 
the memory 
cell. 


When WE is "L" 
level, the data 
on 1/0s are not 
written 
except 
for when 
I/O="H" 
at the falling 
edge of RAS. 
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Note) * 1. When WEis "H" level, all the data on 1/0-1/04 can be written into the memory cell. 


When WEis "L"level, the data on I/Os are not written except for when I/O;"H" at the falling edge of RAS. 
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Address J////I////////////I//IIJflfllT/////' 


WE JI////I/////////////////Tfi///JI/J// 


~~~Ul) V/T1///////////////////I//I////7/Z 


DT/OE 'l//$////////////// 
////////4 
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HM53461 
8erie8--------------------------------- 
_ 


• READ 
TRANSFER 
CYCLE 
(1)*1,*2 


SI/O 
Note 
(Input) 


*1) 
In the case that the previous data transfer cycle was read transfer. 
IZ22J Do not care 
*2) 
Assume that SOE is "L" level. 


*3) 
CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start address . 


• READ 
TRANSFER 
CYCLE 
(2) *1, *2 


SIlO 
(Output) 


tSIS 
IZZ2J Do not care 


~ 
Inhibit rising transient 
SIlO 
Note) 
(Input) 


*1) 
In the case that the previous data transfer cycle was write transfer or pseudo transfer. 
*2) 
Assume that SOE is "L" level, 
*3) 
CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start address. 
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IlZ2I Do not care 


SIlO 
m Inhibit rising transient 
Note) *1. (Output) 


CAS and SAM start address need not be supplied every cycle. only when it is desired to change to a new SAM start address. 


U2I Do not care 


~ 
Inhibit rising transient 
SIlO 
(Output) 


Note) *1. 
CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM start Address. 
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HM53462 Series 


The HM53462 
is a 262, 
144 bit 
multiport 
memory 
equipped 
with 
a 64k·word 
x 4 bit Dynamic 
RAM port and a 256-word 
x 
4-bit 
Serial Access Memory 
(SAM) 
port. 
The SAM port is con· 
nected to an internal 
1,024-bit data register through 
a 256-word 
x 4-bit 
serial read or write 
access control. 
In the read transfer 
cycle, the memory 
cell data is transferred from 
a selected word 
line of the RAM port to the data register. 
The RAM port has a 
write 
mask capability 
in addition 
to the conventional 
operation 
mode. 
Write 
bit 
selection 
out 
of 4 data bit can be achieved. 


RAM port 
has another new function, 
logic operation 
capability. 
By this function 
logic operation between memory data and input 
data can be done in one cycle. 
Utilizing 
the Hitachi 2IJ.m CMOS 
process, fast serial accessoperation and low power dissipation are 
realized. 
All 
inputs 
and 
outputs, 
including 
clocks, 
are TTL 
compatible. 


• 
FEATURES 
• 
Multiport 
organization 
(RAM; 64k·word x 4 bit and SAM; 256-word x 4 bit) 
• 
Double layer polysilicon/polyicide 
n·well CMOS process 


• 
Single 5V (±10%) 
• 
Low powr 
Active 
RAM; 
380 mW max. 
SAM; 
220 mW max. 


Standby 
40 mW max. 
• 
Access Time 
RAM; 
100ns/120ns/150ns 
SAM; 
40ns/40ns/60ns 


• 
Cycle Time Random read or write cycle time (RAM) 
190ns/220ns/260ns 
Serial read or write cycle time (SAM) 
40ns/40ns/60ns 


• 
TTL compatible 
• 
256 refresh cycles .. 
• 
Refresh function 


4ms 
RAS - 
only refresh 
CAS - 
before - 
RAS refresh 
Hidden refresh 
• 
Bidirectional 
data transfer operation 
(RAM ~ SAM) 
• 
Fast serial accessoperation 
asynchronized with 
RAM port ex· 
cept data transfer cycle 
• 
Real time read transfer capability 
• 
Write mask mode capability 
• 
Logic operation capability 
between Din and Dout 
• 
SAM organization can be changed to 1024 x 1 


Type No. 
Access Time 
Package 


HM53462p·IO 
lOOns 
400 mil 24 pin Plastic 
HM53462p·12 
120ns 
HM53462p·15 
150ns 
DIP 


HM53462ZP·10 
lOOns 
HM53462Zp·12 
120ns 
24 pin Plastic ZIP 
HM53462Zp·15 
150ns 
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51/0, 


51/0, 


RAS 


A, 
AI 


A, 
M 


A, 
A3 


\'n: 
A, 


• 
HM53462ZP 
Series 


1 1/03 


3 
SOE 
5 
5104 
7 
SC 


9 
51/02 
11 1/01 


13 WE 
15 A6 
17 A4 


19 A7 
21 A2 
23 AO 


51/0, 


51/0, 


Pin Name 
Function 
AO - A7 
Address Inputs 


1/01 - 1/04 
RAM Port Data Input/Output 


SI/01 - SI/04 
SAM Port Data Input/Output 


RAS 
Row Address Strobe 
CAS 
Column Address Strobe 


SC 
Serial Clock 


WE 
Write Enable 


DT/OE 
Data Transfer/Output 
Enable 
SOE 
SAM Port Enable 


VCC 
Power Supply 


VSS 
Ground 


BY 1 Mode 
Slim 
(1024><1) 


Other 
51/0 
(2-4) 


Are in High- Z State. 


BY 4 Mode 256 X 4 
(Normal 
Mode) 
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• 
ABSOLUTE 
MAXIMUM 
RATINGS 
Voltage on any pin relative to Vss 
-1V to +7V 
Power supply voltage relative to VSS 
-O.5V to +7V 
Operating temperature, 
Ta (Ambient) 
oOe to +70°C 
Storage temperature 
_55°C to +125°e 
Short circuit output current 
50mA 
Power dissipation 
1W 


Parameter 
Symbol 
tYpo 
max. 
Unit 


Address 
CI1 
- 
5 
pF 


Oocks 
CI. 
- 
5 
pF 


1/0,SI/0 
CliO 
- 
7 
pF 


Parameter 
Symbol 
min. 
typo 
maX. 
Unit 


Supply voltage 
VCC 
4.5 
5.0 
5.5 
V 


Inpu t High voltage 
VIH 
2.4 
- 
6.5 
V 


Inpu t Low voltage 
V/L 
-0.5*' 
- 
0.8 
V 


Notes) 
I. 
All voltages referenced to VSS· 


2. -3.0V for pulse width;:; 
IOns. 


RAM PORT 
Symbol 
SAM PORT 
HM53462 
HM53462 
HM53462 


-10 
-12 
-15 
Unit 
Standby 
Active 


Operating current RAS, CAS cycling 
ICCI 
0 
X 
70 
60 
50 
mA 


IRC= 
min. 
ICC? 
X 
0 
110 
100 
80 
mA 


Standby current RAS, CAS = VIH 
ICC2 
0 
X 
7 
7 
7 
mA 


ICC8 
X 
0 
40 
40 
30 
mA 


RAS only refresh curren t 
ICC3 
0 
X 
60 
50 
40 
mA 
CAS = VIH, RAS cycling tRC = min. 
ICC9 
X 
0 
100 
90 
70 
mA 


~ 
mode current RAS = V/L. 
ICC4 
0 
X 
50 
40 
35 
mA 
CAS cycling tpc 
= min. 
IcclO 
X 
0 
90 
80 
65 
mA 


CBR refresh curren t RAS cycling 
Iccs 
0 
X 
60 
50 
40 
mA 
tRC= 
min. 
ICC!! 
X 
0 
100 
90 
70 
mA 


Data transfer curren t 
ICC6 
0 
X 
75 
65 
55 
mA 


RAS, CAS cycling tRC = min. 
ICCJ2 
X 
0 
115 
105 
85 
mA 


Parameter 
Symbol 
min. 
maX. 
Unit 
Input leakage 
ILl 
-10 
10 
IJA 
Outpu t leakage 
ho 
-10 
10 
IJA 
Output high voltage IOH = -2 mA 
VOH 
2.4 
- 
V 
Output low voltage IOL - 4.2 mA 
VOL 
- 
0.4 
V 
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• 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS (Ta = 0 to +70°C, VCC = SV 
± 10%, VSS = OV)I),lOJ,II) 


HM53462 
HM53462 
HM53462 


Parameter 
Symbol 
-10 
-12 
-15 
Unit 
Note 
min. 
max. 
min. 
max. 
min. 
max. 


Random 
Read or Write Cycle Time 
rRC 
190 
- 
220 
- 
260 
- 
ns 


Read-Modify-Write 
Cycle Time 
rRWC 
260 
- 
300 
- 
355 
- 
ns 


Page Mode Cycle Time 
tpc 
70 
- 
85 
- 
105 
- 
ns 


Access Time from 
RAS 
tRAC 
- 
100 
- 
120 
- 
150 
ns 
2,3 


Access Time from CAS 
tCAC 
- 
50 
- 
60 
- 
75 
ns 
3,4 


Out~Buffer 
Turn Off Delay referenced 
tOFFI 
0 
25 
0 
30 
0 
40 
ns 
5 
to CAS 


Transition 
Time (Rise and Fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
6 


RAS Precharge 
Time 
tRP 
80 
- 
90 
- 
100 
- 
ns 


RAS Pulse Width 
tRAS 
100 
10000 
120 
10000 
150 
10000 
ns 


CAS Pulse Width 
tCAS 
50 
10000 
60 
10000 
75 
10000 
ns 


RAS to CAS Delay Time 
rRCO 
25 
50 
25 
60 
30 
75 
ns 
7 


RAS Hold Time 
tRSH 
50 
- 
60 
- 
75 
- 
ns 


CAS Hold Time 
tCSH 
100 
- 
120 
- 
150 
- 
ns 


CAS to RAS Precharge 
Time 
tCRP 
10 
- 
10 
- 
10 
- 
ns 


Row Address 
Setup Time 
tASR 
0 
- 
0 
- 
0 
- 
ns 


Row Address 
Hold Time 
tRAH 
15 
- 
15 
- 
20 
- 
ns 


Column 
Address 
Setup Time 
rASC 
0 
- 
0 
- 
0 
- 
ns 


Column 
Address 
Hold Time 
tCAH 
20 
- 
20 
- 
25 
- 
ns 


Write Command 
Setup Time 
rwcs 
0 
- 
0 
- 
0 
- 
ns 
8 


Write Command 
Hold Time 
tWCH 
25 
- 
25 
- 
30 
- 
ns 
- 
Write Command 
Pulse Width 
twp 
15 
- 
20 
- 
25 
- 
ns 


Write Command 
to RAS Lead Time 
tRWL 
35 
- 
40 
- 
45 
- 
ns 


Write Command 
to CAS Lead Time 
tCWL 
35 
- 
40 
- 
45 
- 
ns 


Data-in 
Setup Time 
tDS 
0 
- 
0 
- 
0 
- 
ns 
9 


Data-in 
Hold Time 
rDH 
25 
- 
25 
- 
30 
- 
ns 
8,9 


Read Command 
Setup Time 
tRCS 
0 
- 
0 
- 
0 
- 
ns 


Read Command 
Hold Time 
rRCH 
0 
- 
0 
- 
0 
- 
ns 


Read Command 
Hold Time referenced 
tRRH 
10 
- 
10 
- 
10 
to RAS 
- 
ns 


Refresh 
Period 
tREF 
- 
4 
- 
4 
- 
4 
ms 


RAS Pulse Width 
170 
10000 
200 
10000 
245 
10000 
(Read-Modify-Write 
Cycle) 
rRWS 
ns 


CAS to WE Delay 
rCWD 
85 
- 
100 
- 
125 
- 
ns 
8 


CAS Setup 
Time 
rCSR 
10 
- 
10 
- 
10 
- 
ns 
(CAS - before 
- RAS refresh) 


CAS Hold Time 
20 
25 
30 
(CAS - before 
-.RAS 
refresh) 
tCHR 
- 
- 
- 
ns 


RAS Precharge 
to CAS Hold Time 
tRPC 
10 
- 
10 
- 
10 
- 
ns 


CAS Precharge 
Time 
tcp 
10 
- 
15 
- 
20 
- 
ns 
Access Time from OE 
tOAC 
- 
30 
- 
35 
- 
40 
ns 


Out~ 
Buffer Turn-off 
Delay referenced 
tOFF2 
0 
25 
0 
30 
0 
40 
ns 
to OE 


OE to Data-in 
Delay Time 
rOOD 
25 
- 
30 
- 
40 
- 
ns 


OE Hold Time referenced 
to WE 
tOEH 
10 
- 
15 
- 
20 
- 
ns 
Data-in 
to CAS Delay Tim. 
tnzc 
0 
- 
0 
- 
0 
- 
ns 
Data-in to OE Delay Time 
rDZO 
0 
- 
0 
- 
0 
- 
ns 
OE to RAS Delay Time 
rORD 
35 
- 
40 
- 
45 
- 
ns 
- 
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HM53462 
HM53462 
HM53462 
Parameter 
Symbol 
-10 
-12 
-15 
Unit 
Note 
min. 
max. 
min. 
max. 
min. 
max. 


Serial 
Clock 
Cycle 
Time 
tscc 
40 
- 
40 
- 
60 
- 
ns 


Access 
Time 
from 
SC 
tSCA 
- 
40 
- 
40 
- 
60 
ns 
10 


Access 
Time 
from 
SOE 
tSEA 
- 
25 
- 
30 
- 
40 
ns 
10 


SC Pulse Width 
tsc 
10 
- 
10 
- 
10 
- 
ns 


SC Precharge 
Width 
tscp 
10 
- 
10 
- 
, 
10 
- 
ns 


Serial 
Data-out 
Hold 
Time 
after 
SC High 
tSOH 
10 
- 
10 
- 
10 
- 
ns 


Serial 
Output 
Buffer 
Turn-off 
Delay 
tSEZ 
0 
25 
0 
25 
0 
30 
ns 
from 
SUE 


Serial 
Data-in 
Setup 
Time 
tSIS 
0 
- 
0 
- 
0 
- 
ns 


Serial 
Data-in 
Hold 
Time 
tSIH 
15 
- 
20 
- 
I 
25 
- 
ns 


DT to RAS 
Setup 
Time 
tDTS 
0 
- 
0 
- 
0 
, 
- 
ns 


DT to RAS Hold 
Time 
tRDH 
80 
- 
90 
- 
110 
- 
ns 
(Read 
Transfer 
Cycle) 


DT to RAS Hold 
Time 
tDTH 
15 
- 
15 
- 
20 
- 
ns 


DT to CAS Hold 
Time 
tCDH 
20 
- 
30 
- 
45 
- 
ns 


Last SC to DT Delay 
Time 
tSDD 
5 
- 
5 
- 
10 
- 
ns 


First 
SC to DT Hold 
Time 
tSDH 
25 
- 
25 
- 
30 
- 
ns 


DT to RAS Delay 
Time 
tDTR 
10 
- 
10 
- 
10 
- 
ns 


WE to RAS Setup 
Time 
tll'§_l 
0 
- 
0 
- 
0 
- 
ns 


WE to RAS Hold 
Time 
~ 
15 
- 
15 
- 
20 
- 
ns 


I/O to RAS 
Setup 
Time 
tMS 
0 
- 
0 
- 
0 
- 
ns 


I/O to RAS Hold 
Time 
rMH 
15 
- 
15 
- 
20 
- 
ns 


Serial 
Output 
Buffer 
Turn 
off Delay 
rSRZ 
I 
10 
SO 
10 
60 
10 
75 
ns 
from 
RAS 


SC to RAS Setup 
Time 
rSRS 
30 
I 
- 
40 
- 
45 
- 
ns 
-- 


RAS to SC Delay 
Time 
rSRD 
25 
- 
30 
- 
35 
- 
ns 


- - 


Serial 
Data 
Input 
Delay 
Time 
from 
RAS 
rSID 
50 
- 
60 
- 
75 
- 
ns 


Serial 
Data 
Input 
to DT Delay 
Time 
rSZD 
0 
- 
0 
- 
0 
- 
ns 


SOE to RAS Setup 
Time 
---.!~L 
0 
- 
0 
- 
0 
- 
ns 
-- 
I--- 


SOE to RAS Hold 
Time 
rEH 
15 
- 
15 
- 
20 
- 
ns 


Serial Write 
Enable 
Setup 
Time 
rSWS 
0 
- 
0 
- 
0 
- 
ns 


Serial 
Write 
Enable 
Hold 
Time 
tSWH 
35 
- 
35 
- 
55 
- 
ns 


Serial 
Write 
Disable 
Setup 
Time 
rSWIS 
0 
- 
0 
- 
0 
- 
ns 


Serial 
Write 
Disable 
Hold 
Time 
rSWIH 
35 
- 
35 
- 
55 
- 
ns 


DT to Sout 
in Low-Z 
Delay 
Time 
tDLZ 
5 
- 
10 
- 
10 
- 
ns 


Note.) 


I. 
AC measurements 
assume 
tT = 5ns. 
2. 
Assumes 
that 
tRCD ~ tRCD (max). 
If tRCD is greater 
than 
the 
maximum 
recommended 
value 
shown 
in this 
table, 
tRA C exceeds 
the value shown. 
3. 
Measured 
with 
a load circuit 
equivalent 
to 2TTL 
loads 
and 
100 pF. 
4. 
Assumes 
that 
tRCD ~ tRCD (max). 
5. 
tOFF 
(max) 
defines 
the 
time 
at 
which 
the 
output 
achieves 
the 
open 
circuit 
condition 
and 
is not 
refer- 
enced 
to output 
voltage 
levels. 
6. 
VIH 
(min) 
and 
VfL 
(max) 
are 
reference 
levels 
for 
measuring 
timing 
of 
input 
signals. 
Also, 
transition 
times 
are measured 
between 
VIH and 
VfL. 
7. 
Operation 
with 
the 
tRCD 
(max) 
limit 
insures 
that 
tRAC 
(max) 
can 
be met, 
tRCD (max) 
is specified 
as a 
reference 
point 
only, 
if tRCD is greater 
than 
the speci- 
fied 
tRCD (max) 
limit, 
then 
access 
time 
is controlled 
exclusively 
be tCAC, 
8_ 
twcs 
and 
tcwD 
are 
not 
restrictive 
operating 
para- 


meters. 
They 
are included 
in the data 
sheet 
as electri- 
cal characteristics 
only: 
if twcs 
~ twcs 
(min), 
the 
cycle 
is an early 
write 
cycle 
and 
the 
data 
out 
pin will 
remain 
open 
circuit 
(high 
impedance) 
throughout 
the 
entire 
cycle; 
if tcwD 
~ 
tCWD (min), 
the 
cycle 
is a 
read/wtite 
and 
the 
data 
output 
will contain 
data 
read 
from 
the 
selected 
cell; if neither 
of the above 
sets of 
conditions 
is satisfied, 
the 
condition 
of 
the 
data 
out 
(at access 
time) 
is indeterminate. 
9. 
These 
parameters 
are referenced 
to CAS 
leading 
edge 
in early 
write 
cycle 
and to WE leading 
edge 
in delayed 
write 
or read-modify-write 
cycles. 


10. 
Measured 
with 
a load 
circuit 
equivalent 
to 2TTL 
and 
50 pF. 
11. 
After 
power-up, 
pause 
for 
more 
than 
100!'s 
and 
execute 
at 
least 
8 initialization 
cycles. 
Then 
execute 
at 
least 
one 
logic 
reset 
cycle 
including 
write 
mask 
reset 
(on 
the 
falling 
edge 
of 
RAS, 
WE = "Low" 
and 
1/01 
- 
I/O = "High"), 
and execute 
one or more 
trans- 
port 
cycle 
for initiation 
of SAM port. 
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• 
WAVE 
FORMS 


• 
READ 
CYCLE 


Note) *1. When WE is "H" level, the all data on the I/O can be written into the cell. When WE 
is "L" level, the data on the I/O are not written except for when I/O is "H"level at 
the falling edge of RAS. 
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110 
((nput) 


Note) * 1. When WE is "H"level, 
all the data on I/O 1-1/04 can be written into the memory cell. 


When WE is "L" level, the data on 1/05 are not written except for when I/O • "H" at the falling edge of 
RAS. 


IZZ2J Do not care 
When WE is "H"level, 
all the data on 1/01-1/04 
can be written into the memory cell. 


When WE is "L" level, the data on 1/05 are not written except for when I/O· 
"H" at the falling edge of 


IUS. 
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I/O 


Iinpull 


I/O 


10utpull 


Note) * 1. When WE is "H"level, 
all the data on I/O 1-1/04 can be written into the memory cell. 


When WE is "L "level, the data on l/Os are not written except for when I/O = "H" at the falling edge of 
RAS. 
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Note) * 1. When WE is "H"level, 
all the data on 1/01-1/04 
can be written into the memory cell. 


When WE is "I." level, the data on I/Os are not written except for when I/O = "H" at the falling edge of 
RAS. 
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DT/OE 71/////1///////70/7l///// 


@HITACHI 


434 
Hitachi America, Ltd.• 
Hitachi Plaza' 
2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 


• READ TRANSFER 
CYCLE (1)*1,*2 


RAS 


NOTE *1) 
*2) 
*3) 


SI/O 
(Input) 


In the case that the previous data transfer cycle was read transfer. 
Assume that SOE is "Low". 
CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM 
start Address . 
• READ 
TRANSFER 
CYCLE (2)*1,*2 


NOTE *1) 
*2) 
*3) 


IZZ2I Do not care 


~ 
Inhibit rising transient 
51/0 
(Input) 


In the case that the previous data transfer cycle was read transfer. 
Assume that SOE is "Low" 
CAS and SAM start Address need not be supplied every cycle, only when it is 
start Address. 
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IlZ2J Do not care 
m Inhibit rising transient 


*1) 
CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM 
start address . 


• WRITE 
TRANSFER 
CYCLE 


11K 


RAS 


CAS 


Address 


WE 


DT/OE 


SOE 


SC 


51/0 
(Input) 


51/0 
(Output) 


CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM 
start address. 


mDonotcare 
mInhibit rising transient 
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HM53462-10 
HM53462-12 
HM53462-15 
Parameter 
Symbol 
Unit 
min. 
max. 
min. 
max. 
min. 
max. 
Write cycle time 
tFRC 
230 
- 
265 
- 
310 
- 
ns 
RAS pulse width in write cycle 
tRFS 
140 
10000 
165 
10000 
200 
10000 
ns 
CAS pulse width in write cycle 
tCFS 
80 
10000 
95 
10000 
105 
10000 
ns 
CAS"hold time in write cycle 
tFCSH 
140 
- 
165 
- 
200 
- 
ns 
~ 
hold time in write cycle 
tFRSH 
80 
- 
95 
- 
105 
- 
ns 
Page mode cycle time (Write cycle) 
tFPC 
100 
- 
120 
- 
135 
- 
ns 
CAS"""holdtime 
tFCHR 
90 
100 
- 
120 
ns 
(Logic operation set/reset cycle) 
- 
- 


CAS hold time from ~ 
precharge 
tPSCH 
10 
- 
10 
- 
10 
- 
ns 
(x4->x1 
set cycle) 
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FC3 
FCZ 
FCI 
FCO 
LOGIC 
Symbol 
Write Data 
0 
0 
0 
0 
0 
Zero 
0 
0 
0 
1 
ANDl 
Di'Mi 
0 
0 
1 
0 
ANDZ 
Di'Mi 
0 
0 
1 
1 
X4 -+Xl 
- 


0 
1 
0 
0 
AND3 
Di'Mi 


0 
1 
0 
1 
THROUGH 
Di 
0 
1 
1 
0 
EOR 
01> Mi + Di ' Mi 


0 
1 
1 
1 
ORI 
Di+ Mi 


1 
0 
0 
0 
NOR 
Di'Mi 
1 
0 
0 
1 
ENOR 
Di ' Mi + Di ' Mi 


1 
0 
1 
0 
!NY 1 
Di 


1 
0 
1 
1 
ORZ 
Di+ Mi 


1 
1 
0 
0 
INV2 
Mi 


1 
1 
0 
1 
OR3 
Di+ Mi 
1 
1 
1 
0 
NAND 
N+Mi 


1 
1 
1 
1 
1 
ONE 


Di 
: External Data-in 
Mi 
: The data of the memory cell 


• 
LOGIC OPERATION 
SET/RESET 
CYCLE (With CAS before RAS refresh) 


IRP 
tRC 


DT/OE 771/////////////71////71////77 


*1) 
Logic code AO-A3 (A4-A7: don't care) 
*Z) 
Write mask data 
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• 
LOGIC OPERATION MODE 


• 
EARLY 
WRITE 
CYCLE 


Note) *1. When WEis 'high', the all data on the I/O can be written into the cell. 


When WEis 'low', the data on the I/O are not written except for when I/O is 'high' 
at the falling edge of RAS. 


• 
DELAYED 
WRITE 
CYCLE 
1m 


I 0 
HIGH 
Z 


(Output) 


NOTE 1) When WE is "H" level, all the data on 1/01-4 can be written into the memory cell. 
~ 
Do not care 
When WE is "L" level, the data on 1/05 are not written except for when I/O = "H" at the falling edge of RAS. 
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Note) 
*\. When WE is 'high', the all data on the I/O can be written into the cell. 
When WE is 'low', the data on the I/O are not written except for when I/O is 'high' 
at the falling edge of RAS. 


110 


(Input) 


Note) 
*\. When WE is 'high', the all data on the I/O can be written into the cell. 


When WE is 'low', the data on the I/O are not written except for when I/O is 'high' 
at the falling edge of RAS. 
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• 
DESCRIPTION 


1. LOGIC OPERATION 
MODE 
HMS3462 has an internal logic operation unit 
which makes a process of graphics simple. The logic 
is determined 
in "Logic operation 
set/reset cycle", 


and the operation 
is executed 
in every write cycle 
succeeding to the logic operation set/reset cycle. In 
this mode the internal read-modify-write 
operation 
is executed 
and the cell data is converted into the 
new data given by the logic operation 
between Din 
and the old cell data. 


2. LOGIC OPERATION 
SET/RESET 
CYCLE 
A logic operation 
set/reset 
cycle is performed 
by 
bringing CAS and WE low when RAS falls (Fig. I). 
The logic code and the bits to be masked are dater- 
mined respectively by AxO-3 state and I/O1-4 state 
at the falling edge of RAS. 
Furthermore, 
in this 
cycle CAS - 
before - RAS refresh operation is ex- 
ecuted, 
too. 
In the case of executing 
the conven- 
tional CAS" - 
before - 
RAS" refresh operation, WF 
must be high when RAS falls. 


2.1. Logic code 
The logic code is shown in Table I. 
When power 


is turned on, at least one logic reset cycle including 
write mask reset is required to initialize logic code. 
If the logic code is (Ax3, Ax2, Ax 1, AxO) = (0, 0, 1, 
1), the SAM organization 
is changed converter (Fig. 
2). 
In 
the 
case 
that 
the 
SAM organization 
is 
changed 
to 
1,024 xl, 
one data transfer 
cycle is 
needed to initialie the SAM selector. 
Once the SAM organization 
is changed to 1024 xl, 
this code is maintained 
unless power is turned off. 


2.2. Write mask 
HMS3462 has two kinds of mask registers (register 
I, 2). 
The register I is set by brjnging WE low at 
the falling edge of RAS during the write cycle, and 
the mask data is available only in this cycle. 
The 
register 2 is set by level of I/O in the logic operation 
set/reset 
cycle, and the mask data is available until 
the next logic operation 
set/reset 
cycle. 
If the re- 
gister 
I is set during 
the current 
logic operation 
mode, the mask data of the register I is preferred 
(that 
of the register 2 is ignored) and the logic be- 


comes "THROUGH" 
only in this cycle (Fig. 3). 
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FC2 
FCO 
LOGIC 
FO 
FCI 
Symbol 
Write 
Data 


0 
0 
0 
0 
0 
Zero 
0 
0 
0 
I 
ANDI 
Di'Mi 
0 
0 
I 
0 
AND2 
Di'Mi 
0 
0 
I 
I 
X4 -+XI 
- 


0 
I 
0 
0 
AND3 
Di-Mi 


0 
I 
0 
I 
THROUGH 
Di 
0 
I 
I 
0 
EOR 
Di - Mi + Di ' Mi 
0 
I 
I 
I 
ORI 
Di+ 
Mi 


I 
0 
0 
0 
NOR 
Di'Mi 


I 
0 
0 
I 
ENOR 
Di . Mi + m· 'M1 


I 
0 
I 
0 
[NVI 
Di 


I 
0 
I 
[ 
OR2 
Di+ 
Mi 


I 
I 
0 
0 
[NV2 
Mi 


I 
I 
0 
I 
OR3 
Di+ 
Mi 


I 
I 
I 
0 
NAND 
Di+Mi 


I 
I 
I 
I 
I 
ONE 


Di 
: External 
Data-in 


Mi 
: The da ta of the memory 
cell 


_________ 
e~j_a~~ 
---------~:~~ 
__________ 
g_i_C~ 


_________ 
~_~_ 
•.•..•.d__'~ 


1) By 4 mode 
(SAM organization: 
256 x 4) 
,,':,dS 


Isee 


~ 
\ 
\ 
I 


x: 
c: 


51 02 
X 
X 
x:=: 


5103 
X 
X 
c= 


51 04 
X 
X 
x:= 
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Mask 
reg.2 
is set 
I 02,3 
:M asked 


Assume 
that 
the 
logic is set to 
"AND!", 


..O....Write 
Masked 
"'I"Write 


'"O"Write 


Masked 
"I"Write 
Masked 
Masked 


Masked 
"O"Write 
Masked 
Masked 


'"I"Write 
Masked 
"O"Write 
'"I"Write 


AND! 
THROUGH 
AND! 
AND! 


M ask reg.! 
is set. 


and valid 
only in 
this cycle. 
I O1.4:M 
asked 
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HM538122 Series - 
Preliminary 


The HM538122 
is a 1-Mbit multiport video RAM equipped with a 
128-kword 
x 8-bit dynamic 
RAM and a 256-word x 8-bit SAM (serial 


access memory). 


Its RAM and SAM operate independently 
and asynchronously. 
It 
can transfer 
data between 
RAM and SAM and has a write mask 


function. 


It also provides 
logic operation 
mode to simplify its operation. 
In 


this mode, logic operation 
between memory data and input data can 
be executed 
by using internal logic-arithmetic 
unit. 


Features 
Multiport organization 


Asynchronous 
and simultaneous 
operation 
of RAM and SAM 
capability 


RAM: 128-kword 
x 8-bit and SAM: 256-word 
x 8-bit 


• 
Access time 
RAM: 100 ns/120 ns/150 ns max 
SAM: 30 ns/ 40 ns/ 50 ns max 
• 
Cycle time 
RAM: 190 ns/220 ns1260 ns min 
SAM: 30 ns/ 40 ns/ 60 ns min 


• 
Low power 
Active 
RAM: 385 mW max 
SAM: 275 mW max 


Standby 
40 mW max 
• 
High-speed 
page mode capability 
• 
Logic operation 
mode capability 


• 
2 types of mask write mode capability 
• 
Bidirectional data transfer cycle between RAM and SAM capability 


• 
Real time read transfer 
capability 
• 
3 variations 
of refresh (8 ms/512 cycles) 
RAS-only 
refresh 


CAS-before-RAS 
refresh 


Hidden refresh 
• 
TTL compatible 


Ordering Information 


Type No. 


HM538122JP-I0 
HM538122JP-12 
HM538122JP-15 


Access Time 


lOOns 
120ns 
150 ns 


Package 
400-mil 
40-pin 


Plastic SOJ (CP-40D) 


This document 
contains information 
on a newproducl. 
Specifications 
and information 


contained 
herein 
are subject to change 
without notice. 


Pin Arrangement 


sc 
Vssl 


Sl/OO 
51/07 


51/01 
51/06 


51/02 
51/05 


51/03 
51/04 


DT/OE 
SE 


1/00 
1/07 


1/01 
1/06 


1/02 
1/05 


1/03 
1/04 


Vss2 


wr 
NC 


NC 
NC 


RAS 
CAS 


NC 
NC 


A8 
AD 


A6 
Al 


AS 
A2 


A4 
A3 


A7 


Pin Name 
AD-A8 


IJO-IJ07 


Function 
Address inputs 


RAM port data inputs/ 
outputs 


SAM port data inputs/ 
outputs 
Row adress strobe 


Column address strobe 


Write enable 


Data transfer/Output 
enable 
Serial clock 


SAM port enable 


Power supply 
Ground 


No connection 


SI/OO- 


SIJ07 
RAS 
CAS 


WE 


DT/OE 
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RAM 
SAM 


DTlOE 


255 
255 
Dout 
Pointer 


Din 
~ 
Memory 
~ 


'00 
rnJj 
~ 
" 


'00 


Array 
'" 
" 
0 
'" 
'" 
u 
'" 
From 
<> 
:c 
(/) 
Column 
Address 
(SAM Start 
Address) 


0 
Row 


0 
511 


Pin Function 


RAS (input pin): RAS is a basic RAM signal. 
It is 
active 
in low level and standby 
in high level. 
Row 
address and signals as shown in table 1 are input atthe 


falling edge of RAS. The input level of those signals 
determine 
the operation 
cycle of the HM538122. 


Input Level at the Falling Edge of RAS 
Operation 
Cycle 


CAS 
DT/OE 
WE 
SE 


H 
H 
H 
x 
RAM read/write 


H 
H 
L 
x 
Mask write 
H 
L 
H 
x 
Read transfer 


H 
L 
L 
H 
Pseudo transfer 


H 
L 
L 
L 
Write transfer 


L 
x 
H 
x 
CBR refresh 


L 
x 
L 
x 
Logic operation 
set/reset 


Note: 
x' 
Don't care. 


CAS (input pin): Column address is put into chip at the 
falling edge of CAS. CAS controls output impedance of 
I/O in RAM. 


AD-A8 
(input pins): 
Row address 
is determined 
by 


AD-A8level 
atthefalling 
edge of RAS. Column address 


is determined 
by AD-A? 
level at the falling 
edge of 
CAS. In transfer cycles, row address is the address on 
the word 
line which 
transfers 
data with SAM 
data 


register, and column address is the SAM start address 
after transfer. 


WE (input pin): WE pin has two functions 
at the falling 


edge of RAS and after. When WE is low at the falling 


edge of RAS, the HM538122 turns to mask write mode. 
According to the I/O level at the time, write on each I/O 


can be masked. (WE level at the falling edge of RAS is 


don't care in read cycle.) When WE is high at the falling 


edge of RAS, a normal write cycle is executed. 
After 


that, WE switches 
read/write 
cycles 
as in a standard 


DRAM. In a transfer 
cycle, the direction 
of transfer 
is 


determined 
by WE level at the falling 
edge of RAS. 
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When WE is low, data is transferred 
from SAM to RAM 


(data is written into RAM), and when WE is high, data 
is transferred 
from RAM to SAM (data is read from 


RAM). 


1/00--1/07 
(input/output 
pins): 
1/0 pins function 
as 


mask data at the falling edge of RAS (in mask write 


mode). Data is written only on high 1/0 pins. Data on 
low 1/0 pins are masked and internal data are retained. 
After that, they function 
as input/output 
pins as those 


of a standard 
DRAM. 


DT/OE (input pin): DT/OE pin functions 
as DT (data 
transfer) 
pin at the falling 
edge of RAS and as OE 
(output enable) 
pin after that. When DT is low at the 
falling 
edge of RAS, this cycle becomes 
a transfer 


cycle. When DT is high atthe falling edge of RAS, RAM 


and SAM operate 
independently. 


SC (input pin): SC is a basic SAM clock. In a serial read 
cycle, data is output from an SI/O pin synchronously 
with the rising edge of SC. In a serial write cycle, data 


on an SI/O pin at the rising edge of SC is put into the 
SAM data register. 


SE (input pin): SE pin activates SAM. When SE is high, 
SI/O is in the high impedance 
state in serial read cycle 
and data on SI/O is not put into the SAM data register 
in serial write cycle. SE can be used as a mask for 


serial write because internal pointer is incremented 
at 
the rising edge of SC. 


S 1I00--S 1/07 (input/output pins): SI/Os are input/output 


pins in SAM. Direction of input/output 
is determined 
by 
the previous transfer cycle. When it was a read transfer 
cycle, 
SilO 
outputs 
data. 
When 
it was. a pseudo 


transfer cycle or write transfer cycle, SilO inputs data. 


RAM Read Cycle 
(DT/OE high, CAS high, at the falling edge of RAS) 


Row address is entered at the RAS falling edge and 


column address at the CAS falling edge to the device 
as in standard DRAM. Then, when WE is high and DT/ 


OE is low while CAS is low, the selected address data 
is output through 
I/O pin. At the falling edge of RAS, 
DT/OE and CAS become highto distinguish 
RAM read 
cycle 
from 
transfer 
cycle 
and 
CBR 
refresh 
cycle. 


Address access time (tM) and RAS to column address 


delay time 
(tRAD)specifications 
are added 
to enable 


high-speed 
page mode. 


RAM Write 
Cycle 
(Early 
Write, 
Delayed 
Write, 
Read-Modify-Write) 


(DT/OE high, CAS high at the falling edge of RAS) 


Normal 
Mode Write Cycle 
(WE high at the falling 


edge of RAS) 


When CAS and WE are set low after RAS is set low, 


a write cycle is executed 
and 1/0 data is written at the 
selected 
addresses. 
When all 8 II0s are written, 
WE 


should be high at the falling edge of RAS to distinguish 
normal mode from mask write mode. 


If WE is set low before the CAS falling edge, this cycle 
becomes 
an early write cycle and I/O becomes 
high 


impedance. 
Data is entered at the CAS falling edge. 


If WE is set low after the CAS falling edge, this cycle 


becomes a delayed write cycle. Data is input at the WE 
falling edge. I/O does not become 
high impedance 
in 


this cycle, so data should be entered with OE high. 


If WE is set low after tCWD(min) and tAWD(min) after 
the CAS falling edge, this cycle becomes a read-modify- 


write cycle and enables write after read to execute in the 
same 
address 
cycle. 
In this cycle 
also, to avoid 
I/O 


contention, 
data should be input after reading data and 
setting OE high. 


If WE is set low at the falling edge of RAS, the cycle 


becomes 
a mask write mode cycle which writes only to 


selected I/O. Whether or not an I/O is written depends on 
I/O level (mask data) at the falling edge of RAS. Then the 


data is written in high I/O pins and masked in low ones 
and internal data is preserved. This maskdata 
is effective 


during the RAS cycle. 
So, in high-speed 
page mode 
cycle, 
the 
mask data 
is preserved 
during 
the 
page 


access. 


High-Speed 
Page Mode Cycle 
(DT/OE high, CAS high at the falling edge of RAS) 


High-speed 
page mode cycle readslwrites 
the data 
of the same row address at high speed by toggling CAS 
while RAS is low. Its cycle time is one third of the random 
readlwrite 
cycle and is higher than the standard 
page 
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mode cycle by 70-80%. 
This product is based on static 


column 
mode, therefore 
address 
access 
time (tAA), 
RAS to column address delay time (tRAO),and access 


time from CAS precharge 
(tACP)are added. In one RAS 
cycle, 256-word memory cells of the same row address 


can be accessed. 
It is necessary 
to specify 
access 


frequency 
within tRASmax (10 I-ls). 


Transfer 
Operation 
The HM538122 
provides the transfer cycle, pseudo 
transfer cycle, and write transfer cycle as data transfer 
cycles. These transfer cycles are set by driving DT/OE 


low at the falling edge of RAS. 


They have following 
functions: 


(1) Transfer data between row address and SAM data 


register (except for pseudo transfer cycle) 


(2) Determine 
direction 
of data transfer 
(a) 
Read transfer cycle: 
RAM ~ 
SAM 


(b) 
Write transfer cycle: 
RAM ~ 
SAM 
(3) Determine 
input or output of SAM 1/0 pin (SilO) 
Read transfer 
cycle: 
SilO output 
Pseudo transfer cycle, 
write transfer 
cycle: 
SilO input 


(4) Determine first SAM address to access (SAM start 


address) after transferring atcolumn 
address. When 
SAM start address is not changed, 
neither CAS nor 


address need to be set because SAM start address 


can be latched internally. 


Read Transfer 
Cycle (CAS high, DT/OE low, WE high 


at the falling edge of RAS) 


This cycle becomes 
read transfer 
cycle by driving 
DT/OE low and WE high at the falling edge of RAS. The 
row address data (256 x 8 bit) determined 
by this cycle 


is transferred 
synchronously 
at the rising edge of DTI 
OE. After the rising edge of DT/OE, the new address 


data outputs 
from SAM start address 
determined 
by 


column address. 


This cycle 
can access 
SAM serially 
even during 


transfer (real time read transfer). In this case, the timing 


tsoo (min) is specified 
between 
the last SAM access 


before transfer 
and DT/OE rising edge, and tsoH(min) 
between the first SAM access and DT/OE rising edge 
(see figure 1). 
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1--/ 
\'----~/ 


Address 
~~~ 
__ 
X_i__ 
~~ 
Y_j 
XL 
_ 


Figure 
1. Real Time Read Transfer 


If read transfer 
cycle 
is executed, 
SilO becomes 
Write Transfer 
Cycle (CAS high, DT/OE low, WE low, 
output state. When the previous transfer cycle is either 
and SE low at the falling edge of RAS) 
pseudo transfer cycle or write transfer cycle and SilO 


is in input state, uncertain data outputs after tALz(min) 
after the RAS falling edge. Before that, input should be 


set high impedance 
to avoid data contention. 


Pseudo 
Transfer 
Cycle 
(CAS high, DT/OE low, WE 


low, and SE high at the falling edge of RAS) 


Pseudo transfer cycle is available for switching 


SilO from output state to input state because data 
in RAM isn't rewritten. 
This cycle starts when CAS is 


high, DTIOE low, WE low, and SE high, at the falling 


edge of RAS. The output buffer in SilO becomes 
high 
impedance 
within 
tSAZ (max) 
from 
the 
RAS falling 
edge. Data should be input to SilO later than tSID(min) 
to avoid data oontention. SAM access becomes enabled 
after tSAO(min) after RAS becomes 
high. In this cycle, 


SAM access is inhibited during RAS low, therefore, SC 
should not be raised. 


Write transfer cycle can transfer 
a row of data input 
by serial write cycle to RAM. The row address of data 


transferred 
into RAM is determined 
by the address 
at 
the falling edge of RAS. The column address is specified 
as the first address to serial write after terminating 
this 


cycle. Also in this cycle, SAM access becomes enabled 


after tSAD(min) after RAS becomes high. SAM access is 
inhibited during RAS low. In this period, SC should not 


be raised. 


Serial 
Read Cycle 


SAM port is in read mode when the previous data 
transfer 
cycle 
is 
read 
transfer 
cycle. 
Access 
is 
synchronized 
with SC rising, and SAM data is output 


from SilO. IfSE is set high SilO becomes high impedance 
and internal 
pointer 
is incremented 
at the SC rising 
edge. 
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serial Write Cycle 
If previous 
data transfer 
cycle is pseudo 
transfer 


cycle or write transfer cycle, SAM port goes into write 


mode. In this cycle, SilO data is programmed 
into data 
register 
at the SC rising edge like in the serial read 


cycle. 
If SE is high, SilO data isn't input into data 


resister. 
Internal pointer is incremented 
according 
to 
the SC rising edge, so SE high can mask data for SAM. 


RAM Refresh 
RAM, 
which 
is composed 
of 
dynamic 
circuits, 
requires 
refr.esh to retain data. Refresh 
is performed 


by accessing 
all512 row addresses 
every 8 ms. There 
are three refresh cycles: 
(1) RAS-only 
refresh cycle, 
(2) CAS-before-RAS 
(CBR) 
refresh 
cycle, 
and 
(3) 


Hidden refresh cycle. Besides them, the cycles which 


activate 
RAS such as read/write 
cycles 
or transfer 


cycles 
can refresh 
the row address. 
Therefore, 
no 
refresh cycle is required for accessing all row addresses 


every 8 ms. 


RAS-Only 
Refresh Cycle: RAS-only refresh cycle is 
performed 
by activating only RAS cycle with CAS fixed 


to high by inputting the row address (= refresh address) 


from 
external 
circuits. 
In this cycle, 
output 
is high- 
impedance 
and power dissipation 
is less than that of 
normal readlwrite cycles because CAS internal circuits 


don't 
operate. 
To distinguish 
this 
cycle 
from 
data 
transfer 
cycle, 
DTIOE 
should 
be high at the falling 
edge of RAS. 


CBR Refresh 
Cycle: 
CBR refresh cycle is set by 
activating 
CAS 
before 
RAS. 
In this 
cycle, 
refresh 


address need not to be input through external circuits 
because it is input through an internal refresh counter. 


In this cycle, output is in high impedance 
and power 
dissipation 
is lowered like in RAS-only 
refresh cycles 
because CAS circuits don't operate. To distinguish this 


cycle from logic operation 
set/reset cycle, WE should 


be high at the falling edge of RAS. 


Hidden 
Refresh 
Cycle: 
Hidden 
refresh 
cycle 
performs 
refresh 
by reactivating 
RAS when 
DTIOE 
and CAS keep low in normal RAM read cycles. 


SAM Refresh 


SAM parts (data register, 
shift register, 
selector), 


Logic Operation Mode 
The HM538122 
supports 
logic operation 
capability 


on RAM port. It performs 
logic operations 
between the 


memory 
cell data and input data 
in logic operation 
mode cycle, and writes the result into the memory cell 


(read modify write). This function 
realizes 
high speed 
raster operations 
and simplifies 
peripheral 
circuits for 


raster operations. 


Logic Operation Set/Reset Cycle 


(CAS and WE Low at the falling edge of RAS) 


In logic 
operation 
set/reset 
cycle, 
the 
following 


operations are performed at the same time; 1. Selection 
of logic operations 
and logic operation 
mode set/reset, 


2. Mask data programming, 
3. CAS-before-RAS 
refresh. 


Figure 2 shows the timing for logic operation 
set/ 


reset cycle. This cycle starts when CAS and WE are low 


at the falling edge of RAS. In this cycle, logic operation 


codes and mask data are programmed 
by row address 
and I/O pin at the falling 
edge of RAS respectively. 


When write cycle is performed 
after this cycle, the logic 


operation 
write 
cycle 
starts. 
In the 
logic 
operation 
mode, the specification 
of cycle time is longer than that 


of normal 
mode because 
read-modify-write 
cycle 
is 
performed internally. In this cycle,logicoperation 
codes 


and 
mask 
data 
programmed 
are 
available 
until 
reprogrammed. 
In normal mode, mask'data is available 
only 
for 
one 
RAS 
cycle. 
Here, 
the 
mask 
data 
programmed 
in normal mode is named as "temporary 


mask data" and the one programmed 
in logic operation 
set/reset cycle is named as "mask data". 


(1)Selection 
of logic operations 
and logic operation 


mode set/reset 


Table 2 shows the logic operations. 
One operation 
is selected 
among 
sixteen 
ones 
by combinations 
of 


AD-A3 
levels at the falling edge of RAS. (A4-A8 
are 


Don't care.) Logic operation 
codes (A3, A2, A1, AD) = 


(0,1,0,1) resets the logic operation 
mode. When write 
cycle is performed 
after that, normal write cycle starts. 


However, even in this case, mask data is still available. 
1/0 should be at high level at the falling edge of RAS in 


logic operation 
set/reset cycle when mask data is not 
used. 
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High/low 
level of I/O at the falling 
edge of RAS 


functions 
as mask data. When I/O is high, the data is 
written in write cycle. When I/O is low, the input data is 


masked and the same memory cell data remains. 
Mask data, programmed 
in this cycle, 
is available 


until reprogrammed. 
It is advantageous 
when the 


same mask data continues. 


Notes: 
Di; External data-in 
Mi; The data of the memory cell 
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Logic operation 
set/reset cycle 


1/03 
"H" 
"l"Write 
Masked 
"O"Wrile 
"l"Wrile 


Logic 
ANDl 
THROUGH 
ANDl 
ANDl 
Temporary mask 
Mask data is set. 
data is set, and 


Remarks 
V01,2:Masked 
valid only in this 
Assume that the 
cycle.I/O 0, 3: 


logic is set to 
Masked (1104- 


·ANDI.· 
V07 are also ope- 
rated similarly.) 


Also, temporary 
mask data is programmed 
by falling 


WE at the falling edge of RAS in logic operation 
mode 


cycle after mask data is programmed 
in logic operation 


seVreset cycle. 
In this case, temporary 
mask data is 


available 
only for one cycle. 


Logic operation 
is reset during 
temporary 
mask 


write cycle. It means that external input data is written 
into 1/0 when temporary 
mask data is set. Figure 4 


shows write mask and logic operations. Thesefunctions 


are useful when RAM port is devided into frame buffer 


area and data area, as they save the need to reprogram 
logic operation 
codes and mask data. 


Write 
Cycle 
in Logic 
Operation 
Mode 
(Early 
Write, 
Delayed 
Write, 
Page Mode) 


Write cycle after logic operation 
set cycle is logic 


operation 
mode cycle. In this cycle, the following 
read- 


modify-write 
operation 
is performed 
Internally. 
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(1) Reading memory data in given address into internal 


bus. 
(2) Performing 
operation 
between 
input 
data 
and 


memory data 
(3) Writing the result of (2) into address given by (1) 


Execute logic operation between source data and 


destination 
data 


Write the result of operation 
into the destination 


address 


Figure 4 shows sequence of raster operation. Raster 
operation 
which 
needs 
3 cycles 
(destination 
read, 
operation, 
destination 
write) 
in normal 
mode can be 


executed 
in one write cycle of logic operation 
mode. It 


makes raster operation faster and simplifies peripheral 
hardware for raster operation. 


Absolute Maximum Ratings 


Item 


Terminal voltage 0' 


Power supply voltage 0' 


Power dissipation 
Operating 
temperature 


Storage temperature 


Note: 
"I. Relative to Vss. 


Symbol 
VT 
Vcc 


PT 


Topr 
Tstg 


Rating 
-1.0 to +7.0 
-0.5 to +7.0 
1.0 
o to +70 


-55 
to +125 


Unit 


V 
V 


W 
°C 
°C 


Recommended 
DC Operating Conditions (Ta = 0 to +70°C) 


Item 
Symbol 
Min 
Typ 
Supply voltage 0' 
Vcc 
4.5 
5.0 
Input high voltage 0' 
Vm 
2.4 


Input low voltage 0' 
VIL 
-0.5°2 


Max 
5.5 


6.5 
0.8 


Unit 
V 


V 


V 


Notes: 
"I. 
All voltages referenced to Vss. 


"2. -3.0 V for pulse width ~ 10 ns. 
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Capacitance (Ta = 25°C, Vcc =5V, f = 1 MHz, Bias: Clock, I/O = Vcc, address = VSS) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Address 
Cn 
5 
pF 
Clock 
CI2 
5 
pF 
I/O, SI/O 
ClIO 
7 
pF 
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AC Characteristics 
(Ta = 0 to +70°C, Vcc = 5 V ±10%, Vss = 0 V)*I."l1 
Test Conditions 
Input rise and fall time: 
5 ns 
Output load: 
See Figures 


Input timing reference 
levels: 
0.8 V, 2.4 V 
Output timing reference 
levels: 0.4 V, 2.4 V 


Note: 
"I. Including scope & jig. 


Common Parameter 


Item 
Symbol 
HM538122-10 
HM538122-12 
HM538122-15 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


Random read or write eycle time 
tRc 
190 
220 
260 
ns 


RAS precharge 
time 
lRP 
80 
90 
100 
ns 


RAS pulse width 
tRAS 
100 
1סס oo 
120 
10000 
150 
1סס oo 
ns 


~ 
pulse width 
tCAS 
30 
1סס oo 
35 
10000 
40 
1סס oo 
ns 


Row address setup time 
LASR 
0 
0 
0 
ns 


Row address hold time 
tRAH 
15 
15 
20 
ns 


Column address setup time 
LAsc 
0 
0 
0 
ns 


Column address hold time 
tCAlI 
20 
20 
25 
ns 


RAS to CAS delay time 
tRm 
25 
70 
25 
85 
30 
110 
ns 
·S,·6 


RAS hold time 
tRSH 
30 
35 
40 
ns 


CAS hold time 
tCSH 
100 
120 
150 
ns 
CAS to RAS precharge 
time 
tCRP 
10 
10 
10 
ns 
Transition 
time (rise to fall) 
tr 
3 
50 
3 
50 
3 
50 
ns 
"8 


Refresh period 
!REF 
8 
8 
8 
ms 
DT to RAS setup time 
lOTS 
0 
0 
0 
ns 


DT to RAS hold time 
lOTH 
15 
15 
20 
ns 


Data-in to OE delay time 
lOW 
0 
0 
0 
ns 


Data-in to CAS delay time 
lOzc 
0 
0 
0 
ns 
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HM538122 
Series 


Read Cycle 
(RAM), 
Page Mode 
Read Cycle 


Item 
Symbol 
HM538122-10 
HM538122-12 
HM538122-15 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


Access time from RAS 
IRAC 
100 
120 
150 
ns 
-2, -3 


Access time from CAS 
tCAC 
30 
35 
40 
ns 
-3. -s 


Access time from OE 
toAC 
30 
35 
40 
ns 
') 


Address access time 
tAA 
45 
55 
70 
ns 
-3, -6 


Output buffer turn off delay 
toFF1 
0 
25 
0 
30 
0 
40 
ns 
·7 


referenced 
to CAS 
Output buffer turn off delay 
tofF2 
0 
25 
0 
30 
0 
40 
ns 
'7 


referenced 
to OE 
Read command 
setup time 
IRes 
0 
0 
0 
ns 


Read command 
hold 
time 
IRO! 
0 
0 
0 
ns 
'12 


Read command 
hold time 
lRRH 
10 
10 
10 
ns 
'12 


referenced 
to RAS 
RAS to column address 
IRAD 
20 
55 
20 
65 
25 
80 
ns 
-,s. -6 


delay time 


Page mode cycle time 
lPc 
55 
65 
80 
ns 
CAS precharge 
time 
tCP 
10 
15 
20 
ns 
Access time from CAS precharge 
tAcp 
50 
60 
75 
ns 


Write 
Cycle 
(RAM), 
Page Mode Write 
Cycle 


Item 
Symbol 
HM538122-10 
HM538122-12 
HM538122-15 
Unit 
Note 
Min 
Max 
Min 
Max 
Min 
Max 
Write command 
setup time 
twes 
0 
0 
0 
ns 
'9 


Write command 
hold time 
twOl 
25 
25 
30 
ns 


Write command 
pulse width 
twp 
IS 
20 
25 
ns 


Write command 
to RAS lead time 
IRWL 
30 
35 
40 
ns 
Write command 
to CAS lead time 
tCWL 
30 
35 
40 
ns 


Data-in setup time 
tDs 
0 
0 
0 
ns 
'10 


Data-in hold time 
tDH 
25 
25 
30 
ns 
'10 


WE to RAS setup time 
tws 
0 
0 
0 
ns 


WE to RAS hold time 
twH 
15 
15 
20 
ns 
Mask data to RAS setup time 
tMs 
0 
0 
0 
ns 
Mask data to RAS hold time 
tMH 
15 
IS 
20 
ns 


OE hold time referenced 
to WE 
tOEH 
10 
15 
20 
ns 


Page mode cycle time 
lPc 
55 
65 
80 
ns 


CAS precharge 
time 
tCP 
10 
15 
20 
ns 
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HM538122 
series 


Read-Modify-Write 
Cycle 
Item 
Symbol 
HM538122-1O 
HM538122-12 
HM538122-15 
Unit 
Note 
Min 
Max 
Min 
Max 
Min 
Max 
Read modify write eycle time 
IRWC 
255 
295 
350 
ns 


RAS pulse width 
IRws 
165 
1סס oo 
195 
1סס oo 
240 
1סס oo 
ns 


CAS to WE delay 
tcwo 
65 
75 
90 
ns 
'9 


Column address to WE delay 
tAWD 
80 
95 
120 
ns 
'9 


OE to data-in delay time 
tODD 
25 
30 
40 
ns 
Access time from RAS 
tAC 
100 
120 
150 
ns 
-2,-3 


Access time from CAS 
tCAC 
30 
35 
40 
ns 
-3,-5 


Access time from OE 
toAC 
30 
35 
40 
ns 
'} 


Address access time 
tAA 
45 
55 
70 
ns 
-3,-6 


RAS to column address delay 
IRAD 
20 
55 
20 
65 
25 
80 
ns 
-5,-6 


Output buffer turn-off delay 
tOF1'2 
0 
25 
0 
30 
0 
40 
ns 
referenced 
to OE 
Read command 
setup time 
IRes 
0 
0 
0 
ns 
Write command 
to RAS lead time 
IRWL 
30 
35 
40 
ns 
Write command 
to CAS lead time 
lcWL 
30 
35 
40 
its 


Write command pulse width 
lWp 
15 
20 
25 
ns 
Data-in setup time 
tos 
0 
0 
0 
ns 
'10 


Data-in hold time 
toll 
25 
25 
30 
ns 
'to 


WE to RAS setup time 
lWs 
0 
0 
0 
ns 
WE to RAS hold time 
lWlI 
15 
15 
20 
ns 
Mask data to RAS setup time 
!MS 
0 
0 
0 
ns 
Mask data to RAS hold time 
lMH 
15 
15 
20 
ns 
OE hold time referenced 
to WE 
toEH 
10 
15 
20 
ns 


Refresh 
Cycle 


Item 
Symbol 
HM538122-10 
HM538122-12 
HM538122-15 
Unit 
Note 
Min 
Max 
Min 
Max 
Min 
Max 
CAS setup time 
tCSR 
10 
10 
10 
ns 
(CAS-before-RAS 
refresh) 
CAS hold time 
taIR 
20 
25 
30 
ns 
(CAS-before-RAS 
refresh) 


RAS precharge 
to CAS hold time 
lRPc 
10 
10 
10 
ns 
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HM538122 Series 


Transfer Cycle 


Item 
Symbol 
HM538122-10 
HM538122-12 
HM538122-15 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


WE to RAS setup time 
tws 
0 
0 
0 
ns 
WE to RAS hold time 
1WI1 
15 
15 
20 
ns 


SE to RAS setup time 
lEs 
0 
0 
0 
ns 


SE to RAS hold time 
IEH 
15 
15 
20 
ns 


RAS to SC delay time 
tsRD 
25 
30 
35 
ns 


SC to RAS setup time 
IRS 
30 
40 
45 
ns 


DT hold time from RAS 
lRDH 
80 
90 
110 
ns 


DT hold time from CAS 
lcDH 
20 
30 
45 
ns 


Last SC to DT delay time 
tsDO 
5 
5 
10 
ns 
First SC to DT hold time 
tsOH 
TBD 
TBD 
TBD 
ns 
DT to RAS lead time 
tolL 
50 
50 
50 
ns 


DT hold time referenced 
to 
tolllH 
20 
25 
30 
ns 
RAShigh 
DT precharge 
time 
to1l' 
30 
35 
40 
ns 


Serial data input delay time 
tsID 
50 
60 
75 
ns 
from RAS 


Serial data input to RAS 
tsZR 
10 
10 
10 
ns 
delay time 
Serial output buffer turn-off 
tsRZ 
10 
50 
10 
60 
10 
75 
ns 
'7 


delay from RAS 
RAS to Sout (Low-Z) delay time 
lRLZ 
5 
10 
10 
ns 
Serial clock cycle time 
tscc 
30 
40 
60 
ns 
Access time from SC 
tsCA 
30 
40 
50 
ns 
.. 


Serial data out hold time 
tsOH 
7 
7 
7 
ns 
.. 


SC pulse width 
tsc 
10 
10 
10 
ns 
SC precharge 
width 
tsCP 
10 
10 
10 
ns 
Serial data-in setup time 
tslS 
0 
0 
0 
ns 
Serial data-in hold time 
tslH 
15 
20 
25 
ns 


Serial Read Cycle 


Item 
Symbol 
HM538122-10 
HM538122-12 
HM538122-15 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
Serial clock cycle time 
tsee 
30 
40 
60 
ns 
Access time from SC 
tsCA 
30 
40 
50 
ns 
.. 


Access time from SE 
tsEA 
25 
30 
40 
ns 
.. 


Serial data-out hold time 
tsOH 
7 
7 
7 
ns 
.. 


SC pulse width 
tsc 
10 
10 
10 
ns 
SC precharge 
width 
tsCP 
10 
10 
10 
ns 
Serial output buffer turn-off 
tsEZ 
0 
25 
0 
25 
0 
30 
ns 
'7 


delay from SE 
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HM538122 
series 


serial Write Cycle 


Item 
Symbol 
HM538l22-l0 
HM538l22-l2 
HM538l22-l5 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


Serial 
clock 
cycle 
time 
tscc 
30 
40 
60 
ns 


SC pulse 
width 
tsc 
10 
10 
10 
ns 


SC precharge 
width 
tsCP 
10 
10 
10 
ns 


Serial 
data-in 
setup 
time 
tslS 
0 
0 
0 
ns 


Serial 
data-in 
hold 
time 
tslH 
15 
20 
25 
ns 


Serial 
write 
enable 
setup 
time 
tsws 
0 
0 
0 
ns 


Serial 
write 
enable 
hold 
time 
tsWH 
30 
35 
50 
ns 


Serial 
write 
disable 
setup 
time 
tsWIS 
0 
0 
0 
ns 


Serial 
write 
disable 
hold 
time 
tsWIH 
30 
35 
50 
ns 


Logic Operation 
Mode 


Item 
Symbol 
HM538122-10 
HM538122-l2 
HM538122-l5 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
CAS hold 
time 
lFOlR 
90 
100 
120 
ns 


(logic 
operation 
set/reset 
cycle) 
lft\S pulse 
width 
in write 
cycle 
tRFs 
140 
1סס oo 
165 
1סס oo 
200 
10000 
ns 


CAS 
pulse 
width 
in write 
cycle 
tCFS 
60 
70 
80 
ns 
CAS hold 
time 
in write 
cycle 
lFCSH 
140 
165 
200 
ns 


RAS 
hold 
time 
in write 
cycle 
lFRSH 
60 
70 
80 
ns 


Write 
cycle 
time 
lFRc 
230 
265 
310 
ns 


Page 
mode 
cycle 
time 
lFPc 
85 
100 
120 
ns 


(write 
cycle) 


Notes: 
.1. 
AC measurements 
assume 
IT = 5 ns. 
·2. 
Assume 
that tRCD ~ tRCD (max) and IRAD~ tRAO (max). 
If tRCDor IRADis greater 
than the maximum 
recommended 
value shown in this table, tRAC exceeds 
the value shown. 
·3. 
Measured 
with a load circuit equivalent 
to 2 TTL loads and 100 pF. 
·4. 
Measured 
with a load circuit equivalent 
to 2 TTL loads and 50 pF. 
·5. 
When tRCD~ tRCD (max) and tRAD ~ IRAD(max), access time is specified 
by tCAC. 
·6. 
When tRCD:StRCD (max) and tRAD~ IRAD(max), access time is specified 
by tAA. 
·7. 
toP!' (max) is defined 
as the time at which the output achieves 
the open circuit condition 
(V OH- 200 m V, VOL + 200 m V). 
·S. 
VnI (min) and VIL (max) are reference 
levels for measuring 
timing of input signals. Transition 
times are measured 
between 
VIH and VIL. 


·9. 
When twcs ~ twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 
condition. 


When tAWO~ tAWO(min) and tcwo ~ tcwo 
(min), the cycle is a read-modify-write 
cycle; the data of the selected 
address 
is read out from a data output pin and input data is wrillen into the selected 
address. 
In this case, impedance 
on I/O pins is 
controlled 
by OE. 


·10. 
These parameters 
are rcfcrenced 
to CAS falling edge in early write cycles or to WE falling edge in delayed 
write or read- 
modify-write 
cycles. 


·11. 
After power-up, 
pause for 100 lotsor more and execute at least S initialization 
cycles (normal memory 
cycles or refresh cycles), 
then start operation. 
·12. 
If either tRCHor tRRHis satisfied, 
operation 
is guaranteed. 
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Timing Waveforms 
Read Cycle 


I/O 
Output) 


I/O 


(Input) 


~ 
: Don't care. 


Note: 
-I. 
When WE is high level, all the data on I/Os can be wrillen into the memory 
cell. When WE is low level, the data on I/Os are 


not wrillen 
except for the case that the I/O is high at the falling edge of RAS. 
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I/O 


(Input) 


Note: 
*1. When WE is high level. aU the data on I/Os can be written into the memo!)' 
cell. When WE is low level. the data on I/Os are 


not written except 
for the case that the I/O is high at the falling edge of RAS. 


I/O 


(Input) 


I/O 


(Output) 


Note: 
*1. When WE is high level. all the data on I/Os can be written into the memo!)' 
cell. When WE is low level, the data on I/Os are 


not written except for the case that the I/O is high at the falling edge of RAS. 
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Note: 
*1. When WE is high level, all the data on I/Os can be wriuen into the memory 
cell. When WE is low level, the data on I/Os are 
not written 
except for the case that the I/O is high at the falling edge of RAS . 
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I/O 


(Input) 


Note: 
*\. When WE is high level, aU the data on I/Os ean be written into the memory 
eell. When WE is low level,the 
data on I/Os are 
not written 
exeept for the case that the I/O is high at the falling edge of RAS. 


t"", 


RAS 


tell" 


CAS 


Address 


I/O 


(Output) 


I/O 


(Input) 


toTS 
tOTH 


DT/Qt 
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I///7/ZIZIT//~IlTJlZT///O 


/T1ZZ1T1lT1ZZ///Z/JlOZlJlZ 


'lZI/JO///7ZZ0ZZOO0Z/ 


I/O 


(Input) 


I/O 


(Output) 


'iZZ//ZZZZ//ZZZZZZZZ//1 
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I/O 


(Output) 


I/O 


(Input) 


Notes: 
*1. When the previous 
data transfer 
cycle is a read transfer 
cycle, it is defined 
as read transfer 
cycle (1). 


*2. SRis 
in low level. (When 
SE is high, SIlO becomes 
high impedance.) 
*3. CAS and SAM start address 
don't 
need to be specified 
every cycle if SAM start address 
is not changed. 


llAS 


t.eo 
., 


CAS" 
f ••• 


Address 


WE: 


I/O 


(Output) 


I/O 


(Input) 


m/1lr 


SC 


51/0 


(Outpul) 


Silt.. 


(Input) 


Notes: 
*1. When the previous 
data transfer 
cycle is a write or pseudo 
transfer 
cycle, it is defined 
as read transfer 
cycle (2). 


*2. SE is in low level. (When Sh is high, SIlO becomes 
high impedance.) 


*3. 
CAS and SAM start address 
don't 
need to be specilied 
every cycle if SAM start address 
is not changed. 
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'l'.h : Don"t .care 
x;x:x: : InhIbIt fls1ne tranSIent 


1/0: 
Don"' care 


SI/O 


(Input) 


SI/O 


(Output) 


IU'A : Don't we 


~ 
: Inhibit rising transient 
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~ 
71////////////////////~~//////// 


~ 
7///////////////////~ 
////////; 


Notes: 
1. 
When SE is high level in a serial write cycle, data is not written into SAM, however, 
the pointer 
is incremented. 
2. 
Address 
0 is accessed 
next to address 
255. 
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I/O 


(Oulpul) 


m(~/777777777777777777777777777777777/ 
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Logic Operation Mode Timing Waveforms 


Early Write Cycle 


Note: 
.1. When WE is high, all the data on I/Os can be written into the memory 
cell. When WE is low, the data on I/Os are not written 


except for the case that the I/O is high at the falling edge of RAS. 


Note: 
.1. When WE is high, all the data on I/Os can be written into the memory 
cell. When WE is low, the data on I/Os are not written 
except for the case that the I/O is high at the faUing edge of RAS. 
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I/O 


(Output) 


Note: 
.1. When WE is high, all the data on IlOs can be wrillen into the memory 
cell. When WE is low, the data on lias 
are not written 
except for the case that the I/O is high at the falling edge of RAS. 


Page Mode Write Cycle (Early Write) 


Note: 
·1. 
When WE is high, .llthe 
data on I/Os can be wrillen into the memory 
cell. When WE is low, the data on I/Os are not wrillen 
except for the case that the I/O is high at the falling edge of RAS. 
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HM538123 Series - 
Preliminary 


The HM53a123 
is a 1-Mbit multiport video RAM equipped with a 


12a-kword 
x a-bit dynamic 
RAM and a 256-word x a-bit SAM (serial 


access 
memory). 
Its RAM and SAM operate 
independently 
and 


asynchronously. 
It can transfer 
data between 
RAM and SAM and 


has a write mask function. 
In addition, it has two new functions. 
Flash 


write clears the data of one row in one cycle in RAM. Special 
read 


transfer 
internally 
detects that the last address in SAM is read and 


transfers 
the 
next data of one 
row automatically 
from 
RAM if a 


transfer cycle has previously 
been executed. These functions make 


it easier to use the HM53a123. 


Feautures 


• 
Multiport organization 
Asynchronous 
and simultaneous 
operation 
of RAM and SAM 


capability 
RAM: 12a-kword 
x a-bit and SAM: 256-word 
x a-bit 


• 
Access time 
RAM: 100 ns/120 ns/150 ns max 
SAM: 30 ns/ 40 ns/50 
ns max 


• 
Cycle time 
RAM: 190 ns1220 ns1260 ns min 
SAM: 30 ns/ 40 ns/ 60 ns min 


• 
Low power 
Active 
RAM: 3a5 mW max 


SAM: 275 mW max 


Standby 
40 mW max 


• High-speed 
page mode capability 


• 
Mask write mode capability 


• 
Bidirectional data transfer cycle between RAM and SAM capability 


• 
Special 
read transfer 
cycle capability 


• 
Flash write cycle capability 


• 
3 variations 
of refresh (a ms/512 cycles) 


RAS-only 
refresh 


CAS-before-RAS 
refresh 


Hidden refresh 


• 
TIL 
compatible 


Ordering Information 


Type No. 
Access Time 
HM538123JP-I0 
l00 ns 


HM538123JP-12 
120 ns 


HM538123JP-15 
150 ns 


Package 


400-mil 
40-pin 


Plastic SOJ (CP-4OD) 


Thisdocwnentcontains informationonanew product.Specificationsandinformation 
contained herein are sUbje~tto change without notice. 


5C 
1 
40 
Vss 1 


51/00 
2 
39 
Sl/07 


51/01 
3 
38 
Sl/06 


51/02 
4 
37 
51/05 


51/03 
5 
36 
51/04 


i5T/OE 
6 
35 
SE 


1/00 
7 
34 
1/07 


1/01 
8 
33 
1/06 


1/02 
9 
32 
1/05 


1/03 
10 
31 
1/04 


Vee 1 
11 
30 
Vss2 


WE 
12 
29 
D5F 


NC 
13 
28 
NC 


RAS 
14 
27 
CAS 


NC 
15 
26 
QSF 


A8 
16 
25 
AO 


A6 
17 
24 
Al 


AS 
18 
23 
A2 


A4 
19 
22 
A3 


Vee2 
20 
21 
A7 


(Top View) 


Pin Description 


Pin Name 
Function 


Ao.-A8 
Address inputs 


I/OO-I/07 
RAM port data inputs/ 
outputs 


SI/Oo.- 
SAM port data inputs/ 


SI/07 
outputs 


RAS 
Row address strobe 


CAS 
Column address strobe 


WE 
Write enable 


DT/OE 
Data transfer/Output 


enable 


SC 
Serial clock 


SE 
SAM port enable 


DSF 
Special function input 
flag 


QSF 
Data register empty 


flag 


Vcc 
Power supply 


Vss 
Ground 


NC 
No connection 
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RAM 
SAM 


255 
Dout 


Din 
Memory 
~ 
Array 
" 
"0u 
From 
Column 
Address 
(SAM Start 
Address) 


0 
Row 


0 
511 
DR : Data Register 


Table 1. Operation 
Cycles 
of the HM538123 


Input Level at the Falling edge of RAS 
Operation 
Cycle 
CAS 
DT/OE 
WE 
SE 
DSF 


H 
H 
H 
x 
L 
RAM read/write 
H 
H 
H 
x 
H 
Color register set 


H 
H 
L 
x 
L 
Mask write 
H 
H 
L 
x 
H 
Flash write 


H 
L 
H 
x 
L 
Special read initialization 
H 
L 
H 
x 
H 
Special read transfer 
H 
L 
L 
H 
x 
Pseudo transfer 


H 
L 
L 
L 
x 
Write transfer 


L 
x 
x 
x 
x 
CBR refresh 


Note: 
x; Don't care. 


Pin Function 


RAS (input pin): RAS is a basic RAM signal. It is active 


in low level and standby in high level. Row address and 


signals as shown in table 1 are input at the falling edge 


CAS (input pin): Column address is put into chip at the 
falling edge of CAS. CAS controls output impedance of 
110in RAM. 


Ao-A8 
(input 
pins): 
Row address 
is determined 
by 


Ao-A81evel 
at the falling edge of RAS. Column address 


is determined 
by Ao-A7 
level at the falling 
edge of 


CAS. In transfer cycles, row address is the address on 
the word 
line which 
transfers 
data with SAM data 


of RAS. The input level of those signals determine 
the 


operation 
cycle of the HM538123. 


register, and column address is the SAM start address 
after transfer. 


WE (input pin): WE pin has two functions 
at the falling 


edge of RAS and after. When WE is low at the falling 


edge of RAS, the HM538123 turns to mask write mode. 
According 
to the I/O level at the time, write on each II 


o can be masked. (WE level at the falling edge of RAS 
is don't care in read cycle.) 
When WE is high at the 
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falling edge of RAS, a normal write cycle is executed. 
After 
that, 
WE 
switches 
readlwrite 
cycles 
as in a 


standard 
DRAM. 
In a transfer 
cycle, the direction 
of 
transfer 
is determined 
by WE level at the falling edge 


of RAS. When WE is low, data is transferred 
from SAM 


to RAM (data is written 
into RAM), and when WE is 


high, data is transferred 
from RAM to SAM (data is 


read from RAM). 


1/00-1/07 
(input/output 
pins): 
110 pins 
function 
as 


mask data at the falling edge of RAS (in mask write and 
flash write mode). Data is written only on high 110 pins. 
Data on low 110 pins are masked and internal data are 


retained. After that, they function 
as inputloutput 
pins 


as those of a standard 
DRAM. 


DT/OE 
(input pin): DT/OE 
pin functions 
as DT (data 


transfer) 
pin at the falling 
edge of RAS and as DE 


(output enable) 
pin after that. When DT is low at the 


falling 
edge of RAS, this cycle becomes 
a transfer 


cycle. When DT is high at the falling edge of RAS, RAM 


and SAM operate independently. 


SC (input pin): SC is a basic SAM clock. In a serial read 
cycle, data is output from an SilO pin synchronously 
with the rising edge of SC. In a serial write cycle, data 


on an SilO pin at the rising edge of SC is put into the 
SAM data register. 


SE (input pin): SE pin activates SAM. When SE is high, 
SilO is in the high impedance 
state in serial read cycle 


and data on SilO is not put into the SAM data register 
in serial write cycle. SE can be used as a mask for 


serial write because internal pointer is incremented 
at 


the rising edge of SC. 


S1/00-S1/07 
(input/output 
pins): SilOs are inputloutput 


pins in SAM. Direction of inputloutput 
is determined 
by 


the previous transfer cycle. When it was a special read 
transfer cycle or special read initialization 
cycle, SilO 


outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, SilO inputs data. 


DSF (input pin): DSF is a special data input flag pin. It 
is set to high when new functions such as color register 


set, special read transfer, 
and flash write, are used. 


QSF (output pin): The HM538123 
has a double buffer 


organization 
which includes two SAM data registers to 


relax the restriction on timings of DT/OE 
and SC in real 


time transfer 
cycle. QSF flag turns high when output 


from one of SAM data registers finished (data register 


empty flag). If the condition 
is detected 
and special 
read transfer cycle is executed, 
data is transferred 
to 


the empty register. SC (serial clock) and data transfer 
cycle can be set asynchronously 
because detection of 


the last address 
in SAM and change 
of data register 


are executed 
automatically 
in the chip. It makes the 


system design flexible. 


Operation 
of RAM Port 
RAM Read Cycle 
(DT/OE 
high, CAS high, DSF low at 
the falling edge of RAS) 


Row address is entered at the RAS falling edge and 


column address at the CAS falling edge to the device 


as in standard DRAM. Then, when WE is high and DTI 


DE is low while CAS is low, the selected 
address data 


is output through 
110 pin. At the falling edge of RAS, 


DT/OE 
and CAS become high to distinguish 
RAM read 


cycle 
from 
transfer 
cycle 
and 
CBR 
refresh 
cycle. 


Address access time (tAA)and RAS to column address 
delay time (tRAO)specifications 
are added to enable 


high-speed 
page mode. 


RAM Write 
Cycle 
(Early 
Write, 
Delayed 
Write, 
Read Modify 
Write) 


(DT/OE 
high, CAS high, DSF low at the falling edge of 


RAS) 


• 
Normal Mode Write Cycle 


(WE high at the falling edge of RAS) 


When CAS and WE are set low after driving RAS 


low, a write cycle is executed and 110 data is written in 


the selected 
addresses. 
When all 8 liDs are written, 


WE should 
be high 
at the falling 
edg~ 
of RAS to 


distinguish 
normal mode from mask write mode. 


If WE is set low before the CAS falling edge, this 


cycle becomes an early write cycle and liD becomes in 
high impedance. 
Data is entered 
at the CAS falling 


edge. 


If WE is set low after the CAS falling edge, this cycle 


becomes a delalyed write cycle. Data is input at the WE 
falling. liD does not become 
high impedance 
in this 


cycle, so data should be entered with DE in high. 


If WE is set low aftertcwD (min) and tAWD(min) after 


the CAS falling edge, this cycle becomes a read modify 
write cycle and enables 
readlwrite 
to execute 
in the 
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same address 
cycle. 
In this cycle also, to avoid lID 


contention, 
data should be input after reading data and 


driving DE high. 


• 
Mask Write Mode 
(WE low at the falling edge of RAS) 


If WE is set low at the falling edge of RAS, the cycle 
becomes a mask write mode cycle which writes only to 


selected 
lID. Whether or not an lID is written depends 


on lID level (mask data) at the falling 
edge of RAS. 


Then the data is written in high lID pins and masked in 
low ones and internal 
data is preserved. 
This mask 
data is effective 
during 
the RAS cycle. So, in high- 


speed page mode cycle, the mask data is preserved 
during the page access. 


High-Speed 
Page 
Mode 
Cycle 
(DT/OE 
high, CAS 


high, DSF low at the falling edge of RAS) 


High-speed 
page 
mode 
cycle 
reads/writes 
the 


data of the same row address at high speed by toggling 
CAS while RAS is low. Its cycle time is one third of the 
random readlwrite cycle and is higher than the standard 
page mode cycle by 70-80 %. This product is based on 


static column 
mode, therefore, 
address 
access time 


(tM), RAS to column 
address 
delay time (tRAO),and 


access time from CAS precharge 
(tACP)are added. In 


one RAS cycle, 256-word 
memory 
cells of the same 


row 
address 
can 
be accessed. 
It is necessary 
to 


specify access frequency 
within tRASmax (10 ~s). 


Color 
Register 
Set Cycle 
(CAS'DT/OEWE 
high, 


DSF high at the falling edge of RAS) 


In color register set cycle, color data is set to the 
internal color register used in flash write cycle. 8 bits of 


internal color register 
are provided 
at each lID. This 


register is composed 
of static circuits, so once it is set, 


it preserves the data until reset. The data set is just as 


same as in the usual write cycle except that DSF is set 


high at the falling 
edge of RAS, and early write 
and 
delayed 
write 
cycle 
can be executed. 
In this cycle, 


memory 
array 
access 
is 
not 
executed, 
so 
it 
is 


unnecessary 
to give row and column addresses. 


Flash Write Cycle (CAS'DT/OE 
high, WE low, DSF 


high at the falling edge of RAS) 


In a flash write cycle, a row of data (256 x 8 bit) is 


cleared to 0 or 1 at each lID according 
to the data of 


color register 
mentioned 
before. 
It is also possible 
to 
mask lID in this cycle. When CAS·DT/OE 
is set high, 


WE is low, and DSF is high at the falling edge of RAS, 
this cycle starts. Then, the row address to clear is given 


to row address and mask data is to lID. Mask data is as 
same as that of a RAM write cycle. High lID is cleared, 


low lID is not cleared and the internal data is preserved. 
Cycle time is the same 
as those 
of RAM readlwrite 


cycles, so all bits can be cleared 
in 1/512 of the usual 


cycle time. 
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Set (1103,1102,1/01, 


VOO). 
(1, 0, 0,1) into 


color 
register. 


Execute 
flash write 


into 1102, 1103 on row 


address 
Xi using color 


register. 
(VOO, VOl 


are masked.) 


Execute 
flash write 


into VOO, VOl, 
1103 


on row address 
Xi 


using 
color register. 


(V02 is masked.) 
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Transfer Operation 
The 
HM538123 
provides 
the 
special 
read 
initialization 
cycle, special read transfer cycle, pseudo 


transfer cycle, and write transfer cycle as data transfer 
cycles. These transfer cycles are set by driving DTIOE 


low at the falling 
edge of RAS. They have following 


functions: 


(1) Transfer data between row address and SAM data 
register (except for pseudo transfer cycle) 


(2) Determine 
direction 
of data transfer 
(a) 
Special 
read initialization 
cycle, 


Special 
read transfer 
cycle: 
RAM ~ 
SAM 
(b) 
Write transfer 
cycle: 
RAM (- SAM 


(3) Determine 
input or output of SAM liD pin (SilO) 


Special 
read initialization 
cycle: 
SilO output 
Pseudo transfer cycle, 


write transfer 
cycle: 
SilO input 


(4) Determine 
first SAM address to access (SAM start 
address) after transferring atcolumn address. When 


SAM start address is not changed, neither CAS nor 
address need to be set because SAM start address 


can be latched internally. 


Special 
Read Initialization 
Cycle 
(CAS high, DTIOE 
low, WE high, DSF low at the falling edge of RAS) 


If CAS is high, DTIOE is low, WE high, and DSF low 
at the falling edge of RAS, this cycle becomes a special 


read initialization 
cycle. 
Special 
read initialization 
is 
used (1) to start special read transfer operation 
and (2) 
to switch SAM input/output 
pin (SilO) set in input state 


Memory 


Array 


by pseudo 
transfer 
cycle 
or write transfer 
cycle, 
to 


output state. 
If the clock is set as mentioned 
before, address of 


SAM transfer 
word line is set to row address and first 


SAM address to access (SAM start address) to column 
address, 
it becomes 
possible 
to execute 
SAM read 
after tSRD(min) after RAS is high. In this cycle, 
SilO 
outputs uncertain 
data after the RAS falling edge. So 


when SAM is in input state before executing this cycle, 


it is necessary 
to stop input before the RAS falling 


edge. 
SAM access 
is inhibited 
while RAS is low in this 


cycle. SC should not be raised during RAS low. 


Special 
Read Transfer 
Cycle (CAS high, DTIOE low, 
WE high, DSF high at the falling edge of RAS) 


Ordinary multiport video RAM has some problems; 
(1) severe 
limitation 
on timings 
between 
processor 
clock 
DTIOE 
and 
CRT 
clock 
SC, 
(2) complicated 
external 
control 
circuit 
to detect 
SAM 
last address 
externally 
and to insert transfer 
cycle synchronously. 


Special read transfer 
cycle makes it possible to relax 


the timing limitations 
and to set serial clock (SC) and 
transfer 
cycle perfectly 
synchronously. 


Figure 2 shows the block diagram for a special read 
transfer. 
SAM double 
buffers 
are composed 
of two 
data registers 
(DR). When data is read out from ORO 
serially, special read transfer 
cycle transfers 
a row of 
RAM data, which will be read from SAM next, to DR1. 
The end of data read from ORO is detected internally 
and 
data 
register 
switching 
circuit 
automatically 
switches 
to 
DR1 
output. 
So 
data 
can 
be 
output 


continuously. 
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RAM 


- 
ORO 


~~. 
~Sp&aoJ reed'fSf~:;d 
V 


... 
;I 
I 
~~~rite 
-;-Ier cydo'\ 
/~:~~.e 
L 


Column address 
Column address 


/ 
=i I 
I =i 
\ 
_I 
\-------.,.....) 
\ 


Figure 
3 shows 
special 
read transfer 
operation 


sequence. 
QSF flag indicates 
that reading out from 


data resister 
has finished 
(data register empty flag), 


and special read transfer can be executed while QSF 
is high. At first, special read operation starts by executing 


an special read initialization 
cycle. So QSF becomes 


high, the processor 
gives row address and SAM start 


address, 
which 
is needed 
next, to the memory, 
and 


inserts 
a special 
read transfer 
cycle. 
Data 
register 


Multipart 
Video RAM 
Operation 
Cycle 


RAM 


-ORO 


becomes 
full after a special 
read transfer 
cycle, 
so 


QSF becomes 
low during 
the cycle. 
When 
the last 


SAM address is accessed, QSF becomes 
high and the 


data register, which outputs from the next SAM address, 


changes, 
and serial access can be executed. 


By executing 
these handshakes, 
serial clock and 


transfer cycle can be executed perfectly asynchronous- 


ly, and flexibility 
of the system design is improved. 


Y=255 
Y=i 
i+l 
i+2 
Y=255 
Y=j 
j+l 
_fllJ\J\fMJ\fl 


____ 
~~ 
Output from ORO 
~ 
Output from OR1 C 


Special 
read transfer 
cycle is set by making CAS 


high, DT/OE low, WE high, and DSF high at the falling 


edge of RAS (same as for special 
read initialization 


cycle except 
DSF). Like in other transfer 
cycles, the 


address of the word line to transfer into data register is 


specified by row address and SAM start is specified by 
column 
address. 
When the last SAM address data is 


output, 
the next data 
is output 
from the SAM start 


address 
specified 
by this 
RAS cycle. 
This transfer 


cycle can be executed asynchronously 
with SAM cycle. 


However, 
it is necessary to execute SAM access after 


RAS becomes high after SAM start address is specified 
by RAS cycle. (See figure. 4.) 


QSF should be high at the falling edge of RAS to 


execute 
a special read transfer cycle ..A cycle whose 


QSF is low is neglected 
(refresh 
is executed). 
When 


the previous transfer cycle is a pseudo transferor 
write 


transfer 
cycle and SilO is in input state, special read 


transfer 
cycle 
cannot 
be used 
(neglected). 
Special 


read initialization 
cycle 
is required 
to switch SilO to 


output state. 


Pseudo Transfer 
Cycle 
(CAS high, DTIOE low, WE 


low, and SE high at the falling edge of RAS) 


Pseudo transfer cycle is available for switching 
SII 


o from output state to input state because data in RAM 


isn't rewritten. This cycle starts when CAS is high, DTI 


OE low, WE low, and SE high, at the falling 
edge of 


RAS. The output buffer in SilO becomes high impedance 
within 
tSRZ (max) 
from 
the 
RAS falling 
edge. 
Data 


should be input to SilO later than tSID(min)to avoid data 


contention. 
SAM access becomes 
enabled 
after tSRD 


(min) after RAS becomes 
high, like in the special read 


initialization cycle. In this cycle, SAM access is inhibited 
during RAS low, therefore, 
SC should not be raised. 
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(Special 
read 


transfer 
cycle) 


Write Transfer 
Cycle (CAS high, DT/OE low, WE low, 
and SE low at the falling edge of RAS) 


Write transfer cycle can transfer a row of data input 
by serial write cycle to RAM. The row address of data 


transferred 
into RAM is determined 
by the address at 
the falling edge of RAS. The column address is specified 


as the first address to serial write after terminating 
this 
cycle. Also in this cycle, SAM access becomes enabled 


aftertsRD (min) after RAS becomes 
high. SAM access 
is inhibited 
during RAS low. In this period, SC should 
not be raised. 


serial 
Read Cycle 


SAM port is in read mode when the previous data 


transfer 
cycle 
is special 
read 
initialization 
cycle 
or 
special 
read transfer 
cycle. 
Access 
is synchronized 
with SC rising, and SAM data is outputfrom 
SilO. When 


the last address is accessed 
at the state of OSF low 
(data register is full), it is signaled 
to external circuits 
that special read transfer 
is enabled 
by making OSF 


high. Next, after SAM access, output data register 
is 
switched, then the row address data given by previous 
special read transfer cycle is output from the SAM start 
address. 
If special read transfer 
isn1 performed 
(OSF 


high), the column address 0 of the same row address 


is accessed 
after the last address 
is accessed. 


serial 
Write 
Cycle 


If previous 
data transfer 
cycle is pseudo 
transfer 


cycle or write transfer cycle, SAM port goes into write 


mode. In this cycle, SilO data is programmed 
into data 
register 
at the SC rising edge like in the serial read 


cycle. 
If SE is high, SilO data 
isn't input 
into data 
register. 
Internal pointer 
is incremented 
according 
to 


the SC rising edge, so SE high can be used to mask 
data for SAM. 


~HITACHI 


Hitachi America, Ltd.• 
Hitachi Plaza. 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819. 
(415) 589-8300 
477 


RAM Refresh 
RAM, 
which 
is composed 
of dynamic 
circuits, 


requires 
refresh to retain data. Refresh is performed 


by accessing 
all512 row addresses 
every 8 ms. There 


are three refresh cycles: 
(1) RAS-only 
refresh cycle, 


(2) CAS-before-RAS 
(CBR) 
refresh 
cycle, 
and 
(3) 


Hidden refresh cycle. Besides them, the cycles which 
activate 
RAS such as readlwrite 
cycles 
or transfer 


cycles 
can refresh 
the row address. 
Therefore, 
no 


refresh cycle is required for accessing all row addresses 


every 8 ms. 


RAS-Only 
Refresh Cycle: RAS-only 
refresh cycle 


is performed 
by activating 
only RAS cycle with CAS 


fixed to high by inputting 
the row address 
(= refresh 
address) from external circuits. In this cycle, output is 


high-impedance 
and power 
dissipation 
is less than 


Absolute Maximum 
Ratings 


Item 
Terminal voltage 
°1 


Power supply voltage 0' 


Power dissipation 
Operating 
temperature 


Storage temperature 


Note: 
*1. Relative 
to Vss. 


Symbol 
VT 
Vcc 
Pr 


Topr 
Tstg 


that of normal read/write cycles because CAS internal 
circuits 
don't operate. 
To distinguish 
this cycle from 


data transfer cycle, DT/OE should be high at the falling 


edge of RAS. 


CBR Refresh 
Cycle: CBR refresh cycle 
is set by 


activating 
CAS 
before 
RAS. 
In this 
cycle, 
refresh 


address need not to be input through external circuits 


because it is input through an internal refresh counter. 


In this cycle, output is in high impedance 
and power 


dissipation 
is lowered like in RAS-only 
refresh cycles 


because CAS circuits don't operate. 


Hidden 
Refresh 
Cycle: 
Hidden 
refresh 
cycle 


performs 
refresh 
by reactivating 
RAS when 
DT/OE 


and CAS keep low in normal RAM read cycles. 


SAM Refresh 
SAM parts (data register, 
shift register, 
selector), 


organized 
as fully static circuitry, don't require refresh. 


Rating 


-1.0 to +7.0 
~.5 
to +7.0 
1.0 


o to +70 


-55 to +125 


Unit 
V 
V 


W 
°C 
°C 


Recommended 
DC Operating Conditions eTa = 0 to +70°C) 


Item 
Symbol 
Min 
Typ 


Supply voltage 
°1 
Vcr 
4.5 
5.0 
Input high voltage 
°1 
VIH 
2.4 
Input low voltage °1 
Va.. 
~.5°2 


Notes: 
*1. 
AU voltages 
referenced 
to Vss. 


*2. -3.0 
V for pulse width $ 10 ns. 


Max 


5.5 
6.5 


0.8 


Unit 


V 


V 


V 
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HM538123 
series 


DC Characteristics 
(Ta = 0 to +70°C, 
Vee = 5 V ± 10%, Vss = 0 V) 


HM538123 
HM538123 
HM538123 
Test Conditions 
Item 
Symbol 
-10 
-12 
-15 
Unit 


Min 
Max 
Min 
Max 
Min 
Max 
RAM port 
SAMpon 


Operating 
ICCI 
70 
60 
50 
mA 
RAS, CAS 
SC =VIL, SE = VIH 


current 
cycling 


ICC7 
120 
100 
80 
mA 
IRe= Min 
SE = Vn., SC cycling 


tsee= 
Min 
Standby current Ico 
7 
7 
7 
mA 
RAS,CAS 
SC =VIL, SE = VIH 


=VIH 


leal 
50 
40 
30 
mA 
SE = Vn., SC cycling 


tsee=Min 
RAS-only 
ICCl 
60 
50 
40 
mA 
RAS cycling 
SC =VIL, SE = VIH 


refresh current 
CAS = VIH 


ICClI 
110 
90 
70 
mA 
IRe = Min 
SE = VIL, SC cycling 
tsee=Min 
Page mode 
IC04 
65 
55 
45 
mA 
CAS cycling 
SC = VIL, SE = VIH 
RAS = VIL 
ICClo 
115 
95 
75 
mA 
IRe= Min 
SE = Vn., SC cycling 


tsee= 
Min 
CAS-before- 
ICCl 
60 
50 
40 
mA 
RAS cycling 
SC = Vn., SE = VIH 


RAS refresh 
IRe=Min 


current 
ICClI 
110 
90 
70 
mA 
SE = Vn., SC cycling 


tsee= 
Min 
Data 
leas 
90 
90 
90 
mA 
RAS, CAS 
SC = Vn., SE = VIH 


transfer 
cycling 


current 
Iee12 
125 
125 
125 
mA 
IRe= Min 
SE = VIL, SC cycling 


tsee=Min 
Input leakage 
h.I 
-10 
10 
-10 
10 
-10 
10 
IlA 
current 
Output leakage 
h.o 
-10 
10 
-10 
10 
-10 
10 
IlA 
current 
Output high 
VOH 
2.4 
2.4 
2.4 
V 
IOH=-2mA 
voltage 
Output low 
VOL 
0.4 
0.4 
0.4 
V 
IOL=4.2mA 
voltage 


capacitance 
(Ta = 25°C, 
Vee =5 V, f = 1 MHz, Bias: Clock, 
I/O = Vee, address 
= Vss) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Address 
Cn 
5 
pF 
Clock 
CI2 
5 
pF 
I/O, SI/O 
Cr,u 
7 
pF 
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Test Conditions 


Input rise and fall time: 


Output load : 
Input timing reference 
levels: 


Output timing reference 
levels: 


5 ns 
See figures 


0.8 V, 2.4 V 


0.4 V, 2.4 V 


Note: 
*\. Including scope & jig. 


Common 
Parameter 


Item 
Symbol 
HM538123-10 
HM538123-12 
HM538123-15 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
Random read or write cycle time IRc 
190 
220 
260 
ns 


RAS precharge 
time 
IRP 
80 
90 
100 
ns 


RAS pulse width 
IRAS 
100 
1ססoo 
120 
1ססoo 
150 
10000 
ns 


CAS pulse width 
tCAS 
30 
1ססoo 
35 
1ססoo 
40 
1ססoo 
ns 


Row address setup time 
lASR 
0 
0 
0 
ns 


Row address hold time 
IRAH 
15 
15 
20 
ns 


Column address setup time 
lASC 
0 
0 
0 
ns 


Column address hold time 
tCAH 
20 
20 
25 
ns 


RAS to CAS delay time 
IReD 
25 
70 
25 
85 
30 
110 
ns 
·S,-6 


RAS hold time 
IRSH 
30 
35 
40 
ns 


CAS hold time 
tCSH 
100 
120 
150 
ns 
CAS to RAS precharge 
time 
tCRP 
lO 
10 
lO 
ns 
Transition 
time (rise to fall) 
tr 
3 
50 
3 
50 
3 
50 
ns 
'8 


Refresh period 
!REF 
8 
8 
8 
ms 
DT to RAS setup time 
lOTS 
0 
0 
0 
ns 


DT to RAS hold time 
10TH 
15 
15 
20 
ns 


DSF to RAS setup time 
tsFS 
0 
0 
0 
ns 
DSF to RAS hold time 
tsFH 
25 
25 
30 
ns 


Data-in to OE delay time 
lOw 
0 
0 
0 
ns 


Data-in 
to CAS delay time 
IDZC 
0 
0 
0 
ns 
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HM538123 
Series 


Read Cycle (RAM), Page Mode Read Cycle 


Item 
Symbol 
HM538l23-1O 
HM538123-12 
HM538123-15 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


Access time from RAS 
IRAC 
100 
120 
150 
ns 
"'2. "'3 


Access time from CAS 
tCAC 
30 
35 
40 
ns 
"'3, "'05 


Access time from DE 
toAC 
30 
35 
40 
ns 
"3 


Address access time 
lAA 
45 
55 
70 
ns 
·3, ·6 


Output buffer turn off delay 
tOA'I 
0 
25 
0 
30 
0 
40 
ns 
"7 


referenced 
to CAS 
Output buffer turn off delay 
toFF2 
0 
25 
0 
30 
0 
40 
ns 
"7 


referenced 
to DE 
Read command 
setup time 
IRes 
0 
0 
0 
ns 
Read command 
hold 
time 
IRm 
0 
0 
0 
ns 
"12 


Read command 
hold time 
lRRH 
10 
IO 
IO 
ns 
"12 


referenced 
to RAS 


RAS to column address 
IRAn 
20 
55 
20 
65 
25 
80 
ns 
·S. ·6 


delay time 
Page mode cycle time 
!PC 
55 
65 
80 
ns 
CAS precharge 
time 
tCP 
10 
15 
20 
ns 
Access time from CAS precharge 
lACP 
50 
60 
75 
ns 


Write Cycle (RAM), 
Page Mode Write Cycle, Color Register set Cycle 


Item 
Symbol 
HM538123-10 
HM538123-12 
HM538123-15 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
Write command 
setup time 
twes 
0 
0 
0 
ns 
"9 


Write command 
hold time 
twm 
25 
25 
30 
ns 
Write command 
pulse width 
twp 
15 
20 
25 
ns 
Write command 
to RAS lead time 
IRWL 
30 
35 
40 
ns 
Write command 
to CAS lead time 
tCWL 
30 
35 
40 
ns 
Data-in setup time 
IDs 
0 
0 
0 
ns 
"'0 


Data-in hold time 
IDH 
25 
25 
30 
ns 
"10 


WE to RAS setup time 
tws 
0 
0 
0 
ns 
WE to RAS hold time 
twH 
15 
15 
20 
ns 
Mask data to RAS setup time 
lMs 
0 
0 
0 
ns 
Mask data to RAS hold time 
lMH 
15 
15 
20 
ns 
DE hold time referenced 
to WE 
toEH 
10 
15 
20 
ns 
Page mode cycle time 
!PC 
55 
65 
80 
ns 
CAS precharge 
time 
lcP 
10 
15 
20 
ns 
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HM538123 
series 


Read-Modify-Write 
Cycle 


Item 
Symbol 
HM538123-10 
HM538123-12 
HM538123-15 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
Read-modify-write 
cycle time 
tRwc 
255 
295 
350 
ns 
RAS pulse width 
tRws 
165 
10000 
195 
1ססoo 
240 
1ססoo 
ns 


CAS to WE delay 
tcwn 
65 
75 
90 
ns 
·9 


Column address to WE delay 
lAwo 
80 
95 
120 
ns 
·9 


DE to data-in delay time 
tooo 
25 
30 
40 
ns 
Access time from RAS 
tRAC 
100 
120 
150 
ns 
·2,"'3 


Access time from CAS 
teAC 
30 
35 
40 
ns 
"'3,"',5 


Access time from DE 
tOAC 
30 
35 
40 
ns 
·3 


Address access time 
lAA 
45 
55 
70 
ns 
"'3,·6 


RAS to column address delay 
tRAD 
20 
55 
20 
65 
25 
80 
ns 
·5,"'6 


Output buffer turn-off delay 
tOFF2 
0 
25 
0 
30 
0 
40 
ns 


referenced 
to DE 
Read command 
setup time 
tRes 
0 
0 
0 
ns 
Write command 
to RAS lead time 
tRWL 
30 
35 
40 
ns 
Write command 
to CAS lead time 
tCWL 
30 
35 
40 
ns 
Write command 
pulse width 
twp 
15 
20 
25 
ns 
Data-in setup time 
tos 
0 
0 
0 
ns 
·'0 


Data-in hold time 
toH 
25 
25 
30 
ns 
·10 


WE to RAS setup time 
tws 
0 
0 
0 
ns 
WE to RAS hold time 
twH 
15 
15 
20 
ns 
Mask data to RAS setup time 
tMs 
0 
0 
0 
ns 
Mask data to RAS hold time 
tMH 
15 
15 
20 
ns 
DE hold time referenced 
to WE 
tOEH 
10 
15 
20 
ns 


Refresh 
Cycle 


Item 
Symbol 
HM538123-1O 
HM538123-12 
HM538123-15 
Unit 
Note 
Min 
Max 
Min 
Max 
Min 
Max 
CAS setup time 
tCSR 
10 
10 
10 
ns 
(CAS-before-RAS 
refresh) 
CAS hold time 
tCHR 
20 
25 
30 
ns 
(CAS-before-RAS 
refresh) 
RAS precharge 
to CAS hold time 
tRPc 
10 
10 
10 
ns 
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HM538123 
Series 


Transfer 
Cycle 


Item 
Symbol 
HM538123-10 
HM538123-12 
HM538123-15 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


WE to RAS setup time 
tws 
0 
0 
0 
ns 


WE to RAS hold time 
twH 
15 
15 
20 
ns 


SE to RAS setup time 
lEs 
0 
0 
0 
ns 


SE to RAS hold time 
lEH 
15 
15 
20 
ns 


RAS to SC delay time 
tsRD 
25 
30 
35 
ns 


SC to RAS setup time 
tsRS 
30 
40 
45 
ns 


RAS to QSF delay time 
tRQo 
100 
120 
150 
ns 
*. 


RAS to QSF (high) delay time 
tRQH 
TBO 
TBO 
TBO 
ns 


Serial data input delay time 
tsID 
50 
60 
75 
ns 


fromRAS 


Serial data input to RAS 
ts1R 
10 
10 
10 
ns 


delay time 


Serial output buffer turn-off 
tsRZ 
10 
50 
10 
60 
10 
75 
ns 
*7 


delay from RAS 
RAS to Sout (Low-Z) delay time lJU.Z 
5 
10 
10 
ns 


Serial clock cycle time 
tsee 
30 
40 
60 
ns 
Access time from SC 
tsCA 
30 
40 
50 
ns 
*. 


Serial data out hold time 
tsOH 
7 
7 
7 
ns 
*. 


SC pulse width 
tsc 
10 
10 
10 
ns 
SC precharge 
width 
tsCP 
10 
10 
10 
ns 
Serial data-in setup time 
tslS 
0 
0 
0 
ns 
Serial data-in hold time 
tsrn 
15 
20 
25 
ns 


serial 
Read Cycle 


Item 
Symbol 
HM538123-10 
HM538123-12 
HM538123-15 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
Serial clock cycle time 
tscc 
30 
40 
60 
ns 
Access time from SC 
tsCA 
30 
40 
50 
ns 
*. 


Access time from SE 
tsEA 
25 
30 
40 
ns 
*. 


Serial data-out hold time 
tsOH 
7 
7 
7 
ns 
*. 


SC pulse width 
tsc 
10 
10 
10 
ns 
SC precharge 
width 
tsCP 
10 
10 
10 
ns 
Serial output buffer turn-off 
tsEZ 
0 
25 
0 
25 
0 
30 
ns 
*7 


delay from SE 
Last SC to QSF delay time 
tsQo 
TBO 
TBO 
TBO 
ns 
*. 
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HM538123 
Series 


Serial Write Cycle 


Item 
Symbol 
HM538123-10 
HM538123-12 
HM538123-15 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


Serial clock cycle time 
tscc 
30 
40 
60 
ns 
SC pulse width 
tsc 
10 
10 
10 
ns 


SC precharge 
width 
tsCP 
10 
10 
10 
ns 


Serial data-in setup time 
tslS 
0 
0 
0 
ns 
Serial data-in hold time 
tsm 
15 
20 
25 
ns 
Serial write enable setup time 
tsws 
0 
0 
0 
ns 


Serial wite enable hold time 
tsWH 
30 
35 
50 
ns 


Serial write disable setup time 
tsWIS 
0 
0 
0 
ns 


Serial write disable hold time 
tsWIH 
30 
35 
50 
ns 


Flash Write Cycle 


Item 
Symbol 
HM538123-10 
HM538123-12 
HM538123-15 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
Flash write cycle time 
lRO'W 
230 
265 
310 
ns 


RAS pulse width 
lRCSFW 
140 
165 
200 
ns 
WE to RAS setup time 
tws 
0 
0 
0 
ns 
WE to RAS hold time 
twH 
15 
15 
20 
ns 
cAS' high level hold time 
tCHHR 
20 
25 
30 
ns 


referenced 
to RAS 


Mask data to RAS setup time 
lMs 
0 
0 
0 
ns 
Mask data to RAS hold time 
lMH 
15 
15 
20 
ns 


Notes: *1. AC measurements assume tT= 5 ns. 
*2. 
Assume that tRm S tRm (max) and IRADS tRAD(max). 
If IRm or IRADis greater than the maximum recommended value shown in this table, tRACexceeds the value shown. 
*3. 
Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 


*4. 
Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 
*5. 
When tRm 2:IRm (max) and tRADS IRAD(max). access time is specified by tCAC. 
*6. 
When IRm S IRm (max) and tRAD2:IRAD(max). access time is specified by tAA. 
*7. 
tOFP(max) is defined as the time at which the output achieves the open circuit condition (VOH- 200 mY. VOL+ 200 mY). 
*S. Vm (min) and Vn. (max) are reference levels for measuring timing of input signals. Transition times are measured betwccn 


Vm and Vn.. 
*9. 
When twCS2:twcs (min). the cycle is an early write cycle. and I/O pins remain in an open circuit (high impedance) condition. 
When tAWD2:lAWD(min) and tCWO2:tCWO(min). the cycle is a read-modify-write cycle; the data of the selected address is 
read out from a data out pin and input data is wrillen into the selected address. In this case. impedance on I/O pins is controlled 
byOE. 
*10. 
These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or read- 
modify-write cycles. 


*11. 
After power-up. pause for 100 IlS or more and execute at least 8 initialization cycles (normal memory cycles or refresh cycles). 
then start operation. 
*12. 
If either lRCHor lRRHis satisfied. operation is guaranteed. 
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Note: 
"I. 
When WE is high level, all the data on I/Os can be written into the memory 
ceIl. When WE is low level, the data on I/O. are 


not written 
excepl for the case that the I/O is high at the falling edge of RAS. 
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RAS 


CAS 


Address 


WE 


DT/DE 


I/O 


(Input) 


I/O 


(Output) 
t.FH 


DSF 


Note: 
*1. When WE is high level, all the data on I/Os can be written into the memory 
cell. When WE is low level, the data on I/Os are 
nOl written 
except for the case that the I/O is high at the falling edge of RAS. 


I/O 


(Input) 


NOle: 
*1. When WE is high level, all the data on I/Os can be written into the memory 
cell. When WE is low level, the data on I/Os are 


nOl written 
except for the case that the I/O is high at the falling edge of RAS. 
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I/O 


(Input) 


I/O 


(Output) 


Note: 
01. When WE is high level. aU the data on I/Os can be wrillen into the memory 
cell. When WE is low level. the data on I/Os are 


not written 
except for the case that the I/O is high at the faUing edge of RAS. 
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Note: 
*1. 
When WE is high level, all the data on I/Os can be written into the memory 
cell. When WE is low level, the data on I/Os are 


not written 
except for the case that the I/O is high at the falling edge of RAS. 


RAS 


t(:ll~ 


CAS 


Address 


I/O 


(Output) 


I/O 


(Input) 


DT/~ 


DSF 
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Hitachi 
America, 
Ltd .• 
Hitachi 
Plaza. 
2000 
Sierra 
Point Pkwy .• 
Brisbane, 
CA 94005-1819 
• (415) 589-8300 


Address W///////////////////////$////////ffi 


wr 
W///////////$/////////$///ft'////m 


(I~~~t) 
W$/$$//I///////$///$/ffl///m 


I/O 
High-Z 


(Output) 


DT/CE Wl$#JW///$//#$#$//#& 


OSF 
W/$/d/////////I//#M/$/#//4 


t" 


RAS 


CAS 


Address 


WE 


I/O 
(Output) 


DT/CE 


I/O 


(Input) 


DSF 
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HM5381235erles----------------------------- 


Special 
Read Initialization 
Cycle (1)"1,>2 


m:Don't care 


~ 
: Inhibit rising transient 
va : Don't care 


Notes: 
·1. 
When the previous 
data transfer cycle is a special read transfer cycle or special read initialization 
cycle, it is specified 
as special 
read initialization 
cycle (1). 


·2. 
SE is in low level. (When SE is high, SIlO becomes 
high impedance 
state.) 


.3. CAS and SAM start address 
don't need to be specified 
every cycle, if SAM start address 
is not changed. 


~ 
. Don't care 


~ 
: Inhibit rising transient 
I/o : Don't care 


Notes: 
.1. When the previous 
data transfer cycle is a write or pseudo transfer cycle. it is specified 
as special read initialization 
cycle (2). 
·2. 
SE is in low level. (When SE is high, SIlO becomes 
high impedance 
state.) 


·3. 
CAS and SAM start address 
don't need to be specified 
every cycle, if SAM start address 
is not changed. 
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RAS 


CAS 


Address 


WE 


I/O 


(Output) 


I/O 


(Input) 


D'mE 


SC 


SI/O 


(Output) 


SI/O 


(Input) 
tt:QO 


QSF 
tUt 


OSF 


Notes: 
°1. 
When QSF is low level at the falling edge of RAS, the special read transfer 
cycle is not performed. 


°2. 
SE is in low level. (When SE is high, SIlO becomes 
high impedance 
state.) 
°3. 
CAS and SAM start address 
don't 
need to be specified 
every cycle, if SAM start address 
is not changed. 
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t"'5 


RAS 


CAS 


Address 


WE 


Df/C!: 


SE 


SC 


SI/O 


(Input) 


SI/O 


(Output) 


1.00 


QSF 


<//. : Don'l 
care 


)()O : Inhlbll 
rlsmg 
tranSIent 


I/O 
: Don't 
care 


'lIIlJ: 
Don't care 


fl22i : Inhibit rising transient 


Note: 
.1. 
CAS and SAM stan address 
don't 
need to be specified 
every cycle, if SAM stan address 
is not changed. 
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~ 
77////////////////////~~ZZZZZZ// 


~ 
7ZZZZZZZZZZZZ//////ZZ~ 
ZZZZZ///, 


Notes: 
*1. When SE is high level in a serial wrile cycle, data is nol wriuen 
inlO SAM, however, 
the poinler 
is incremenled. 
*2. 
Address 
0 is accessed 
neXllo 
address 
255 . 


• 
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Note: 
-I. Address 
(i) is the SAM start address provided 
in the previous 
special read transfer 
cycle. When special read transfer 
cycle isn't 
executed 
(QSF remains 
in high level). address 
0 is accessed 
next to address 
255. 


RAS 
tCRP 


CAS 


WE 


I/O 


(Input) 


Dr/or- 


DSF 


Address 
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I/O 
(Input) 


~HITACHI 


Hitachi America, Ltd .• 
Hitachi Plaza' 
2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 
495 


HM534251 Series - Preliminary 


The HM534251 
is a 1-Mbit multiport video RAM equipped with a 


256-kword 
x 4-bit dynamic 
RAM and a 512-word x 4-bit SAM (serial 


access memory). 


Its RAM and SAM operate independently 
and asynchronously. 
It 


can transfer 
data between 
RAM and SAM and has a write mask 


function. 
It is suitable for a graphic processing 
buffer memory. 


• 
FEATURES 


• Multiport 
Organization 
Asynchronous 
and Simultaneous 
Operation 
of RAM 


and SAM Capability 
RAM 
256-kword 
x 4-Bit 


SAM 
..........•.................... 
512-word 
x 4-Bit 


• Access Time 
RAM: 100/100/120/150ns 
(max.) 
SAM: 30/40/40/50ns 
(max.) 
RAM: 190/190/220/260ns 
(min.) 
SAM: 30/40/40/60ns 
(min.) 


• Low Power 
Active 
RAM: 385mW (max.) 
SAM: 358mW (max.) 


Standby. 
. . . . . . . . . . . . . . . 
40mW (max.) 


.• High Speed Page Mode Capability 
• Mask Write Mode Capability 
• Bidirectional 
Data Transfer 
Cycle Between 
RAM and 


SAM Capability 
• Real Time Read Transfer 
Capability 


• 3 Variations 
of Refresh (8ms/512 
Cycles) 
RAS-Only 
Refresh 
CAS-Before-RAS 
Refresh 


Hidden 
Refresh 


• TIL 
Compatible 


Type No. 
Access Time 
Package 


HM53425IJP-1O 
lOOns 
4OO-mil 28-pin 
HM53425IJP-ll 
lOOns 
HM53425IJP-12 
l20ns 
Plastic SOJ 


HM53425IJP-15 
l50ns 
(CP-28D) 


HM534251ZP-1O 
lOOns 
400-mil 28-pin 
HM534251ZP-ll 
lOOns 
HM53425I 
ZP-12 
l20ns 
Plastic ZIP 


HM534251ZP-15 
l50ns 
(ZP-28) 


This docwnent 
contains infonnation 
on a newproduct. 
Specifications 
and infonnation 


contained 
herein 
are subject 
to change 
without 
notice. 


Pin Arrangement 


HM53425IIP Serie. 


SC 
1 
28 
V•• 
Sl/OO 
2 
27 
Sl/03 
SI/OI 
3 
26 
Sl/02 


or/DE. 
25 SE 


1/00 
5 
2. 
1/03 
1/01 
6 
23 
1/02 
WE722NC 
NC 
8 
21 
CAli 


RAS 
9 
20 
NC 


A8 10 
19 
AO 


A6 11 
18 
Al 


AS 12 
17 
A2 
A. 
13 
16 
A3 


Vcc 
1.. 
15 
A7 


(fop 
View) 


Pin Name 


AO-A8 
I/OO-II03 


Function 


Address inputs 


RAM port data inputs/ 
outputs 


SAM port data inputs/ 


outputs 
Row address strobe 
Column address strobe 


Write enable 
Data transfer/Output 


enable 
Serial clock 
SAM port enable 
Power supply 


Ground 
No connection 


SI/OO- 


SI/03 
RAS 


CAS 
WE 
DT/OE 


SC 
"SE" 


Vcc 
Vss 
NC 
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RAM 
SAM 


Of/BE 


511 
511 


Dout 
Pointer 


Din 
t 01 
~ 
E 


10 
••• 
Memory 
••• 
" 
:> 
" 
'" 
Array 
(; 
'" 
;e 
u 
~ 
:i: 
From 
'" 
Column 
Address 
0 


(SAM 
Start 
Address) 


0 
Row 


0 
511 


Pin Function 
RAS (input pin): RAS is a basic RAM signal. It is active 
in low level and standby in high level. Row address and 


signals as shown in table 1 are input at the falling edge 


of RAS. The input level of those signals determine 
the 


operation 
cycle of the HM534251. 


Input level at the falling edge of RAS 
Operation 
Cycle 


CAS 
DT/OE 
WE 
SE 


H 
H 
H 
x 
RAM read/write 


H 
H 
L 
x 
Mask write 


H 
L 
H 
x 
Read transfer 


H 
L 
L 
H 
Pseudo transfer 


H 
L 
L 
L 
Write transfer 


L 
x 
x 
x 
CBR refresh 


Note: 
x' 
Don'teare. 


CAS (input pin): Column address is put into chip at the 
falling edge of CAS. CAS controls output impedance of 
I/O in RAM. 


AD-AS 
(input 
pins): 
Row address 
is detetmined 
by 


AD-AS level at the falling edge of RAS. Column address 


is determined 
by AD-AS 
level at the falling 
edge of 
CAS. In transfer cycles, row address is the address on 


the word 
line which 
transfers 
data with SAM 
data 
register, and column address is the SAM start address 
after transfer. 


WE (input pin): WE pin has two functions 
at the falling 


edge of RAS and after. When WE is low at the falling 
edge of RAS, the HM534251 turns to mask write mode. 
According to the 110 level at the time, write on each I/O 


can be masked. (WE level at the falling edge of RAS is 


don't care in read cycle.) When WE is high at the falling 
edge of RAS, a normal write cycle is executed. 
After 


that, WE switches 
read/write 
cycles 
as in a standard 


DRAM. In a transfer 
cycle, the direction 
of transfer 
is 


determined 
by WE level at the falling 
edge of RAS. 


When WE is low, data is transferred 
from SAM to RAM 


(data is written into RAM), and when WE is high, data 
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is transferred 
from RAM to SAM (data is read from 


RAM). 


1/00-V03 
(input/output 
pins): 
1/0 pins function 
as 


mask data at the falling edge of RAS (in mask write 


mode). Data is written only on high 1/0 pins. Data on 
low 1/0 pins are masked and internal data are retained. 
After that, they function 
as input/output 
pins as those 


of a standard 
DRAM. 


DTIOE 
(input pin): DT/OE pin functions 
as DT (data 


transfer) 
pin at the falling 
edge of RAS and as OE 
(output enable) 
pin after that. When DT is low at the 


falling 
edge of RAS, this cycle 
becomes 
a transfer 


cycle. When DT is high at the falling edge of RAS, RAM 


and SAM operate 
independently. 


SC (input pin): SC is a basic SAM clock. In a serial read 


cycle, data is output from an SilO pin synchronously 
with the rising edge of SC. In a serial write cycle, data 


on an SIlO pin at the rising edge of SC is put into the 
SAM data register. 


SE (input pin): SE pin activates SAM. When SE is high, 
SVO is in the high impedance 
state in serial read cycle 
and data on SilO is not put into the SAM data register 
in serial write cycle. SE can be used as a mask for 


serial write because 
internal pointer is incremented 
at 
the rising edge of SC. 


SI/00-SI/03 
(input/output pins): SilOs are input/output 


pins in SAM. Direction of input/output 
is determined 
by 


the previous transfer cycle. When itwas a read transfer 
cycle, 
SilO 
outputs 
data. 
When 
it was 
a pseudo 


transfer cycle or write transfer cycle, SilO inputs data. 


Operation 
of RAM Port 


RAM Read Cycle 


(DT/OE high, CAS high, at the falling edge of RAS) 


Row address is entered at the RAS falling edge and 


column address at the CAS falling edge to the device 
as in standard DRAM. Then, when WE is high and DT/ 
OE is low while CAS is low, the selected address data 
is output through va pin. At the falling edge of RAS, 


DTIOE and CAS become high to distinguish 
RAM read 


cycle 
from 
transfer 
cycle 
and 
CBR 
refresh 
cycle. 


Address access time (tM) and BAS to column address 
delay time (tRAO)specifications 
are added to enable 
high-speed 
page mode. 


RAM Write 
Cycle 


(Early 
Write, 
Delayed 
Write, 
Read-Modlfy-Wrlte) 


(DT/OE high, CAS high at the falling edge of RAS) 


• 
Normal Mode Write Cycle 


(WE high at the falling edge of RAS) 


When CAS and WE are set low after RAS is set low, 


a write cycle is executed 
and I/O data is written at the 
selected 
addresses. 
When all 4 I/Os are written, 
WE 


should be high at the falling edge of RAS to distinguish 


normal mode from mask write mode. 


If WE is set low before the CAS falling 
edge, this 
cycle becomes 
an early write cycle and 1/0 becomes 


high impedance. 
Data is entered 
at the CAS falling 


edge. 


If WE is set low after the CAS falling edge, this cycle 
becomes a delayed write cycle. Data is input at the WE 


falling edge. I/O does not become 
high impedance 
in 
this cycle, so data should be entered with OE in high. 


If WE is set low after tcwo (min) and tAWD(min) after 
the 
CAS 
falling 
edge, 
this 
cycle 
becomes 
a read- 


modify-write 
cycle 
and 
enables 
write 
after 
read 
to 
execute in the same address cycle. In this cycle also, 


to avoid 
1/0 contention, 
data 
should 
be input 
after 


reading data and setting OE high. 


Mask Write 
Mode (WE low at the falling 
edge of 


RAS) 


If WE is set low at the falling edge of RAS, the cycle 
becomes a mask write mode cycle which writes only to 


selected 
1/0. Whether or not an I/O is written depends 


on I/O level (mask data) at the falling 
edge of RAS. 


Then the data is written in high I/O pins and masked in 
low ones and internal 
data is preserved. 
This mask 


data is effective 
during 
the RAS cycle. 
So, in high- 


speed page mode cycle, the mask data is preserved 
during the page access. 


High-Speed 
Page Mode Cycle 


(DT/OE high, CAS high at the falling edge of RAS) 


High-speed 
page mode cycle reads/writes 
the data 


of the same row address at high speed by toggling CAS 
while 
RAS is low. Its cycle 
time 
is one third 
of the 
random readlwrite cycle and is higherthan 
the standard 
page mode cycle by 70-80%. This product is based on 


static column 
mode, therefore, 
address 
access time 
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(tM), 
RAS 
to column 
address 
delay 
time 
(tRAO),and 
access time from CAS precharge 
(tACP)are added. In one 


RAS cycle, 
512-word 
memory 
cells 
of the 
same 
row 


address 
can 
be accessed. 
It is necessary 
to specify 


access frequency 
within tRASmax (10 ~s). 


Transfer 
Operation 
The HM534251 
provides 
the read transfer 
cycle, 


pseudo transfer cycle, and write transfer cycle as data 
transfer cycles. These transfer cycles are set by driving 


DTIOE low at the falling edge of RAS. 


They have followir1g functions: 


(1) Transfer data between row address and SAM data 
register (except for pseudo transfer 
cycle) 


(2) Determine 
direction 
of data transfer 
(a) 
Read transfer 
cycle: 
RAM ~ 
SAM 
(b) 
Write transfer 
cycle: 
RAM f- SAM 


(3) Determine 
input or output of SAM 1/0 pin (SilO) 
Read transfer 
cycle: 
SilO output 
Pseudo transfer cycle, 


write transfer 
cycle: 
SilO input 


(4) Determine first SAM address to access (SAM start 


address) after transferring 
atcolumn 
address. When 
SAM start address is not changed, 
neither CAS nor 


address need to be set because SAM start address 


can be latched internally. 


Read Transfer 
Cycle (CAS high, DT/OE low, WE high 
at the falling edge of RAS) 


This cycle becomes 
read transfer 
cycle by setting 
DT/OE low and WE high at the falling edge of RAS. The 
row address data (512x4 bit) determined 
by this cycle 


is transferred 
synchronously 
at the rising edge of DTI 


OE. After the rising edge of DT/OE, the new address 


data outputs 
from SAM start address 
determined 
by 


column address. 


This cycle can execute 
SAM access 
serially even 


during transfer 
(real time read transfer). 
In this case, 


the timing tsoo (min) is specified between the last SAM 


access 
before transfer 
and DT/OE rising edge, 
and 
tsoH(min) between 
the first SAM access 
and DT/OE 
rising edge (see figure 1). 
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Address 
~~ 
x"---- 
_ 


If read 
transfer 
cycle 
is executed, 
SilO 
becomes 


output state. When the previous transfer cycle is either 
pseudo transfer cycle or write transfer cycle and SilO 


is in input state, uncertain data outputs after tRLZ(min) 


after the RAS falling edge. Before that, input should be 
set high impedance 
to avoid data contention. 


Pseudo 
Transfer 
Cycle 
(CAS high, DT/OE low, WE 
low, and SE high at the falling edge of RAS) 


Pseudo transfer cycle is available for switching 
SilO from output state to input state because data in 
RAM isn't rewritten. 
This cycle 
starts when CAS is 
high, DTJOE low, WE low, and SE high, at the falling 
edge of RAS. The output buffer in SVO becomes 
high 


impedance 
within 
tSRZ (max) 
from 
the 
RAS falling 


edge. Data should be input to SilO later than tSID(min) 
to avoid data contention. SAM access becomes enabled 


after tSRD(min) after RAS becomes 
high. In this cycle, 
SAM access is inhibited during RAS low, therefore, SC 
should not be raised. 


Write Transfer 
Cycle 
(CAS high, DT/OE low, WE low, 


and SE low at the falling edge of RAS) 


Write transfer cycle can transfer 
a row of data input 


by serial write cycle to RAM. The row address of data 


transferred 
into RAM is determined 
by the address 
at 
the falling edge of RAS. The column address is specified 


as the first address to serial write after terminating 
this 
cycle. Also in this cycle, SAM access becomes 
enabled 


aftertsRD (min) after RAS becomes high. SAM access is 


inhibited during RAS low. In this period, SC should not 
be raised. 


Serial 
Read Cycle 


SAM port is in read mode when the previous 
data 
transfer 
cycle 
is 
read 
transfer 
cycle. 
Access 
is 


synchronized 
with SC rising, and SAM data is output 
from SilO. If SE is set high SilO becomes high impedance 
and internal 
pointer 
is incremented 
at the SC rising 
edge. 
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serial Write Cycle 


If previous 
data transfer 
cycle is pseudo 
transfer 
cycle or write transfer cycle, SAM port goes into write 


mode. In this cycle, SilO data is programmed 
into data 
register 
at the SC rising edge like in the serial read 


cycle. 
If SE is high, SilO 
data isn't input 
into data 


resister. 
Internal pointer is incremented 
according 
to 


the SC rising edge, so SE high can mask data for SAM. 


RAM Refresh 
RAM, 
which 
is composed 
of dynamic 
circuits, 
requires 
refresh to retain data. Refresh is performed 


by accessing 
all 512 row addresses 
every 8 ms. There 
are three refresh cycles: 
(1) RAS-only 
refresh cycle, 
(2) CAS-before-RAS 
(CBR) 
refresh 
cycle, 
and 
(3) 


Hidden refresh cycle. Besides them, the cycles which 


activate 
RAS such as readlwrite 
cycles 
or transfer 
cycles 
can refresh 
the row address. 
Therefore, 
no 


refresh cycle is required for accessing all row addresses 
every 8 ms. 


Absolute Maximum 
Ratings 


Item 


Terminal voltage 'I 


Power supply voltage 'I 


Power dissipation 
Operating 
temperature 


Storage temperature 
Note: 
.\. 
Relative to Vss. 


Symbol 
VT 
Vcc 


PT 


Topr 


Tstg 


RAS-Only 
Refresh Cycle: RAS-only refresh cycle is 
performed by activating only RAS cycle with CAS fixed 


to high by inputting the row address (= refresh address) 
from 
external 
circuits. 
In this 
cycle, 
output 
is high- 


impedance 
and power dissipation 
is less than that of 
normal readlwrite cycles because CAS internal circuits 


don't operate. To distinguish this cycle from data transfer 


cycle, DT/OE should be high at the falling edge of RAS. 


CBR Refresh 
Cycle: 
CBR refresh 
cycle 
is set by 


activating CAS before RAS.lnthis 
cycle, refresh address 
need not to be input through external circuits because 


it is input through 
an internal 
refresh counter. 
In this 


cycle, output is in high impedance and power dissipation 
is lowered 
like in RAS-only 
refresh 
cycles 
because 


CAS circuits don't operate. 


Hidden Refresh Cycle: Hidden refresh cycle performs 


refresh 
by reactivating 
RAS when DT/OE 
and CAS 
keep low in normal RAM read cycles. 


SAM Refresh 
SAM parts (data register, 
shift register, 
selector), 


organized 
as fully static circuitry, don't require refresh. 


Rating 


-1.0 to +7.0 


-0.5 
to +7.0 
1.0 
o to +70 


-55 to +125 


Unit 


V 


V 
W 
·C 
·C 


Item 


Supply voltage 'I 
Input high voltage '\ 
Input low voltage '\ 


Min 
4.5 
2.4 


-0.5'2 


Symbol 


Vcc 


VIH 
Vn. 


Notes: 
.\. 
All voltages referenced to Vss. 
·2. -3.0 V for pulse width S 10ns. 


Unit 


V 


V 


V 


Max 
5.5 
6.5 


0.8 
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Test Conditions 
HM534251-10 
HM534251-11 
HM534251-12 
HM534251-15 
Item 
Symbol 
Unit 
Notes 


RAM Port 
SAM Port 
Min. 
Max. 
Min. 
Max.' 
Min. 
Max. 
Min. 
Max. 


Operating 
ICC' 
RAS. CAS Cycling 
SE ~ 
VIH• 
SC ~ 
VIL 
- 
70 
- 
70 
- 
60 
- 
55 
mA 
- 
1.2 


Current 
ICC7 
tRC = Min. 
SE = VIL' 
SC Cycling 
tsec = Min. 
- 
120 
- 
120 
- 
100 
- 
85 
mA 


Standby 
~ 
SE ~ 
VIH• SC ~ 
VIL 
- 
7 
- 
7 
- 
7 
- 
7 
mA 


Current 
RAS. CAS ~ 
VIH 
I 
Ices 
SE = V IL' SC Cycling 
tsec 
= Min. 
- 
65 
- 
55 
- 
55 
- 
40 
mA 


RAS-only 
ICC3 
RASCyciing 
SE ~ 
VIH• SC ~ 
VIL 
- 
70 
- 
70 
- 
60 
- 
55 
mA 
Refresh 
- 
CAS = VIH 
2 


Current 
ICC9 
tRC = Min. 
SE = VIL' 
SC Cycling 
(sec 
= Min. 
- 
120 
- 
120 
- 
100 
- 
85 
mA 


Page Mode 
~ 
CAS Cycling 
SE = V'H' 
SC = VIL 
- 
80 
- 
80 
- 
70 
- 
60 
mA 


RAS ~ 
V'L 
1,3 
Current 
ICC'O 
tRC = Min. 
SE = VIL' 
SC Cycling 
tscc 
= Min. 
- 
130 
- 
130 
- 
110 
- 
90 
mA 


CAS-Before- ~ 
RAS Cycling 
SE = VIH• SC = V'L 
- 
60 
- 
60 
- 
50 
- 
40 
mA 
RAS Refresh 


Current 
lccn 
tRc = Min, 
SE = VIL, 
SC Cycling 'sec 
= Min. 
- 
110 
- 
110 
- 
90 
- 
70 
mA 


Data 
ICC6 
RAS. CAS 
SE = V'H' 
SC = V'L 
- 
95 
- 
95 
- 
90 
- 
85 
mA 
Transfer 
f-- 


Cycling 
tRC = Min. 
2 


Current 
ICCl2 
SE = V1L. 
SC Cycling 
tsec 
= Min. 
- 
135 
- 
135 
- 
125 
- 
115 
mA 


Input 
Leakage 
lu 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
~A 
Current 


Output 
Leakage 
lLa 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
~A 


Current 


Output High 
VOH 
IOH = -2mA 
2.4 
- 
2.4 
- 
2.4 
- 
2.4 
- 
V 
Voltage 


Output Low 


VOL 
10L = 4.2mA 
- 
0.4 
- 
0.4 
- 
0.4 
- 
0.4 
V 
Voltage 


NOTES: 
I. Ice depends on OUlputloading 
condition 
when the device is selected. 
Icc max. is specified at the output open condition. 


2. Address can be changed less than three times while RAS = VIL. 


3. Address can be changed once or less while CAS = VIH. 


Capacitance (Ta = 25°C, Vee= 5 V, f = IMHz, Bias: Clock, I/O = Vcc, address = Vss) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Address 
Cn 
5 
pF 


Clock 
CIl 
5 
pF 


OO.SOO 
Cw 
7 
~ 
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Test Conditions 


Input rise and fall time: 
Output 
load: 


Input timing reference 
levels: 


Output timing reference 
levels: 


5 ns 


See figures 
0.8 V, 2.4 V 


0.4 V, 2.4 V 


HM534251-10 
HM534251-1I 
HM534251-12 
HM534251-15 
Parameter 
Symbol 
Unit 
Notes 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Random Read or 
tRC 
190 
190 
220 
260 
Write Cycle Time 
- 
- 
- 
- 
ns 


RAS Precharge 
Time 
tRP 
80 
- 
80 
- 
90 
- 
100 
- 
ns 


RAS Pulse Width 
tRAS 
100 
1ססoo 
100 
1ססoo 
120 
1ססoo 
150 
1ססoo 
ns 


CAS Pulse Width 
teAS 
30 
1ססoo 
30 
1ססoo 
35 
1ססoo 
40 
1ססoo 
ns 


Row Address Setup Time 
tASR 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Row Address Hold Time 
tRAH 
15 
- 
15 
- 
15 
- 
20 
- 
ns 


Column Address Setup Time 
tASC 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Column Address Hold Time 
teAH 
20 
- 
20 
- 
20 
- 
25 
- 
ns 


RAS to CAS Delay Time 
tRCO 
25 
70 
25 
70 
25 
85 
30 
110 
ns 
5,6 


RAS Hold Time 
tRSH 
30 
- 
30 
- 
35 
- 
40 
- 
ns 


CAS Hold Time 
teSH 
100 
- 
100 
- 
120 
- 
150 
- 
ns 


CAS to RAS Precharge 
Time 
teRP 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


Transition Time (Rise to Fall) 
tT 
3 
50 
3 
50 
3 
50 
3 
50 
ns 
8 


Refresh Period 
tREF 
- 
8 
- 
8 
- 
8 
- 
8 
ms 


DT to RAS Setup Time 
tOTS 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


DT to RAS Hold Time 
tOTH 
15 
- 
15 
- 
15 
- 
20 
- 
ns 


Data-In to OE Delay Time 
tozo 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Data-In to CAS Delay Time 
tozc 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
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HM534251-10 
HM534251-11 
HM534251-12 
HM534251-15 
Parameter 
Symbol 
Unit 
Notes 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Access Time From RAS 
tRAC 
- 
100 
- 
100 
- 
120 
- 
150 
ns 
2,3 


Access Time From CAS 
teAC 
- 
30 
- 
30 
- 
35 
- 
40 
ns 
3,5 


Access Time From OE 
toAC 
- 
30 
- 
30 
- 
35 
- 
40 
ns 
3 


Address Access Time 
tAA 
- 
45 
- 
45 
- 
55 
- 
70 
ns 
3, 6 


Output Buffer Turn Off Delay 
toFFI 
- 
25 
- 
25 
- 
30 
- 
40 
ns 
7 
Referenced 
to CAS 


Output Buffer Turn Off Delay 
toFF2 
- 
25 
- 
25 
- 
30 
- 
40 
ns 
7 
Referenced 
to OE 


Read Command 
Setup Time 
tRCS 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Read Command 
Hold Time 
tRCH 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
12 


Read Command 
Hold Time 


tRRH 
10 
10 
10 
10 
12 
Referenced 
to RAS 
- 
- 
- 
- 
ns 


RAS to Column Address 


tRAO 
20 
55 
20 
55 
20 
65 
25 
80 
5,6 
Delay Time 
ns 


Page Mode Cycle Time 
tpc 
55 
- 
55 
- 
65 
- 
80 
- 
ns 


CAS Precharge 
Time 
tep 
10 
- 
10 
- 
15 
- 
20 
- 
ns 


Access Time From CAS 
tAcP 
50 
50 
60 
75 
Precharge 
- 
- 
- 
- 
ns 


Parameter 
HM534251-10 
HM534251-11 
HM534251-12 
HM534251-15 
Symbol 
Unit 
Notes 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Command 
Setup Time 
twcs 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
9 
Write Command 
Hold Time 
tWCH 
25 
- 
25 
- 
25 
- 
30 
- 
ns 


Write Command 
Pulse Width 
twP 
15 
- 
15 
- 
20 
- 
25 
- 
ns 
Write Command 
to RAS 
tRwL 
30 
30 
35 
40 
Lead Time 
- 
- 
- 
- 
ns 


Write Command 
to CAS 
tewL 
30 
30 
35 
40 
Lead Time 
- 
- 
- 
- 
ns 


Data-In Setup Time 
tos 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
10 
Data-In Hold Time 
tOH 
25 
- 
25 
- 
25 
- 
30 
- 
ns 
10 
WE to RAS Setup Time 
tws 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


WE to RAS Hold Time 
tWH 
15 
- 
15 
- 
15 
- 
20 
- 
ns 


Mask Data to RAS Setup Time 
tMS 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Mask Data to RAS Hold Time 
tMH 
15 
- 
15 
- 
15 
- 
20 
- 
ns 
OE Hold Time Referenced 
tOEH 
10 
10 
15 
20 
to WE 
- 
- 
- 
- 
ns 


Page Mode Cycle Time 
tpc 
55 
- 
55 
- 
65 
- 
80 
- 
ns 


CAS Precharge 
Time 
tep 
10 
- 
10 
- 
15 
- 
20 
- 
ns 
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HM534251-10 
HM534251-11 
HM534251-12 
HM534251-15 
Parameter 
Symbol 
Unit 
Notes 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read Modify Write Cycle Time 
tRwC 
255 
- 
255 
- 
295 
- 
350 
- 
ns 


RAS Pulse Width 
tRwS 
165 
1ססoo 
165 
1ססoo 
195 
1ססoo 
240 
1ססoo 
ns 


CAS to WE Delay 
tewo 
65 
- 
65 
- 
75 
- 
90 
- 
ns 
9 


Column Address to WE Delay 
tAwO 
80 
- 
80 
- 
95 
- 
120 
- 
ns 
9 


OE to Data-In Delay Time 
tooo 
25 
- 
25 
- 
30 
- 
40 
- 
ns 


Access Time From RAS 
tRAC 
- 
100 
- 
100 
- 
120 
- 
150 
ns 
2, 3 


Access Time From CAS 
teAC 
- 
30 
- 
30 
- 
35 
- 
40 
ns 
3, 5 


Access Time From OE 
toAC 
- 
30 
- 
30 
- 
35 
- 
40 
ns 
3 


Address Access Time 
tAA 
- 
45 
- 
45 
- 
55 
- 
70 
ns 
3,6 


RAS to Column Address Delay 
tRAO 
20 
55 
20 
55 
20 
65 
25 
80 
ns 
5,6 


Output Buffer Thrn-Off 
toFF2 
- 
25 
- 
25 
- 
30 
- 
40 
ns 
Delay Referenced 
to OE 


Read Command 
Setup Time 
tRCS 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Write Command 
to RAS 
tRWL 
30 
30 
35 
40 
Lead Time 
- 
- 
- 
- 
ns 


Write Command 
to CAS 
tewL 
30 
30 
35 
40 
Lead Time 
- 
- 
- 
- 
ns 


Write Command 
Pulse Width 
twP 
15 
- 
15 
- 
20 
- 
25 
- 
ns 


Data-In Setup Time 
tos 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
10 


Data-In Hold Time 
tOH 
25 
- 
25 
- 
25 
- 
30 
- 
ns 
10 


WE to RAS Setup Time 
tws 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


WE to RAS Hold Time 
tWH 
15 
- 
15 
- 
15 
- 
20 
- 
ns 


Mask Data to RAS Setup Time 
tMS 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Mask Data to RAS Hold Time 
tMH 
15 
- 
15 
- 
15 
- 
20 
- 
ns 


OE Hold Time Referenced 
toEH 
10 
10 
15 
20 
to WE 
- 
- 
- 
- 
ns 


HM534251-10 
HM534251-11 
HM534251-12 
HM534251-15 
Parameter 
Symbol 
Unit 
Notes 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS Setup Ti~ 
teSR 
10 
- 
10 
- 
10 
- 
10 
- 
ns 
(CAS-Before-RAS 
Refresh) 


CAS Hold Time 
teHR 
20 
20 
25 
30 
(CAS-Before-RAS 
Refresh) 
- 
- 
- 
- 
ns 


RAS Precharge 
to CAS 
tRPC 
10 
- 
10 
- 
10 
- 
10 
- 
ns 
Hold Time 
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HM534251-10 
HM534251-11 
HM534251-12 
HM534251-15 


Parameter 
Symbol 
Unit 
Notes 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


WE to RAS Setup Time 
tws 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


WE to RAS Hold Time 
tWH 
15 
- 
15 
- 
15 
- 
20 
- 
ns 


SE to RAS Setup Time 
tES 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


SE to RAS Hold Time 
tEH 
15 
- 
15 
- 
15 
- 
20 
- 
ns 


RAS to SC Delay Time 
tSRO 
25 
- 
30 
- 
30 
- 
35 
- 
ns 


SC to RAS Setup Time 
tSRS 
30 
- 
40 
- 
40 
- 
45 
- 
ns 


DT Hold Time From RAS 
tRDH 
80 
- 
90 
- 
90 
- 
110 
- 
ns 


DT Hold Time From CAS 
teoH 
20 
- 
30 
- 
30 
- 
45 
- 
ns 


Last SC to DT Delay Time 
tsoo 
5 
- 
5 
- 
5 
- 
10 
- 
ns 


First SC to DT Hold Time 
tSOH 
20 
- 
25 
- 
25 
- 
30 
- 
ns 


DT to RAS Lead Time 
tOTL 
50 
- 
50 
- 
50 
- 
50 
- 
ns 


DT Hold Time Referenced 


tOTHH 
20 
25 
25 
30 
to RAS High 
- 
- 
- 
- 
ns 


DT Precharge 
Time 
tOTP 
30 
- 
35 
- 
35 
- 
40 
- 
ns 


Serial Data ~t 
Delay 
tSID 
50 
- 
60 
- 
60 
- 
75 
- 
ns 
Time from RAS 


Serial Data Input to 


tSZR 
- 
10 
- 
10 
- 
10 
- 
10 
ns 
RAS Delay Time 


Serial Output Buffer Turn-Off 
tSRZ 
10 
50 
10 
60 
10 
60 
10 
75 
ns 
7 
Delay From RAS 


RAS to Sout (Low-Z) 
tRLZ 
5 
- 
10 
- 
10 
- 
10 
- 
ns 
Delay Time 


Serial Clock Cycle Time 
tscc 
30 
- 
40 
- 
40 
- 
60 
- 
ns 


Serial Clock Cycle Time 
tSCC2 
40 
- 
40 
- 
40 
- 
60 
- 
ns 
13 


Access Time From SC 
tSCA 
- 
30 
- 
40 
- 
40 
- 
50 
ns 
4 


Serial Data Out Hold Time 
tSOH 
7 
- 
7 
- 
7 
- 
7 
- 
ns 
4 


SC Pulse Width 
tsc 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


SC Precharge 
Width 
tscp 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


Serial Data-In Setup Time 
tSIS 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Serial Data-In Hold Time 
tSIH 
15 
- 
20 
- 
20 
- 
25 
- 
ns 


Symbol 
HM534251-10 
HM534251-11 
HM534251-12 
HM534251-15 
Parameter 
Unit 
Notes 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Serial Clock Cycle Time 
tscc 
30 
- 
40 
- 
40 
- 
60 
- 
ns 


Access Time From SC 
tSCA 
- 
30 
- 
40 
- 
40 
- 
50 
ns 
4 


Access Time From SE 
tSEA 
- 
25 
- 
30 
- 
30 
- 
40 
ns 
4 


Serial Data-Out Hold Time 
tSOH 
7 
- 
7 
- 
7 
- 
7 
- 
ns 
4 


SC Pulse Width 
tsc 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


SC Precharge 
Width 
tscp 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


Serial Output Buffer Turn-Off 
tSEZ 
- 
25 
- 
25 
- 
25 
- 
30 
ns 
7 
Delay From SE 
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HM534251-10 
HM534251-11 
HM534251-12 
HM534251-1S 
Parameter 
Symbol 
Unit 
Notes 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Serial Clock Cycle Time 
tscc 
30 
- 
40 
- 
40 
- 
60 
- 
ns 


SC Pulse Width 
tsc 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


SC Precharge 
Width 
tscp 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


Serial Data-In Setup Time 
tSIS 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Serial Data-In Hold Time 
tSIH 
IS 
- 
20 
- 
20 
- 
25 
- 
ns 


Serial Write Enable 
tsws 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
Setup Time 


Serial Write Enable Hold Time 
tSWH 
30 
- 
35 
- 
35 
- 
50 
- 
ns 


Serial Write Disable 


tswlS 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
Setup Time 


Serial Write Disable 


tSWIH 
30 
35 
35 
- 
50 
- 
ns 
Hold Time 
- 
- 


NOles: 
.1. 
AC measurements 
assume 
IT = 5 ns. 
·2. 
Assume 
that tRCD:!>tRCD (max) and IRAD~ tRAD (max). 


IT tRCDor IRADis greater 
than the maximum 
recommended 
value shown in this table, tRAC exceeds 
the value shown. 


·3. 
Measured 
with a load circuit equivalent 
to 2 TIL loads and 100 pF. 


·4. 
Measured 
with a load circuit equivalent 
to 2 TIL loads and 50 pF. 
·5. 
When tRCD~ tRCD (max) and tRAD:!>IRAD(max), access time is specified 
by tCAC. 


·6. 
When tRCD~ tRCD (max) and tRAD ~ IRAD(max), access time is specified 
by tAA. 


·7. 
tOFP(max)is 
defined as the time at which the output achieves the open circuit condition 
(VOH -2 
OOmV, VOL+ 200mV). 


·S. 
VIH (min) and VIL (max) are reference 
levels for measuring 
timing of input signals. Transition 
times are measured 
between 
VIH and VIL. 


·9. 
When 
twcs ~ tWCS (min), 
the cycle is an early write cycle, and I/O pins remain 
in an open circuit 
(high impedance) 
condition. 
When tAWD~ tAWD(min) and tCWO~ tCWO(min), the cycle is a read-modify-write 
cycle; the data of the selected 
address 
is read out from a data output pin and input data is wrillen into the selected 
address. 
In this case, impedance 
on I/O pins 
is controlled 
by OE. 


·10. 
These parameters 
are referenced 
to CAS falling edge in early write cycles or to WE falling edge in delayed 
write or read- 
modify-write 
cycles. 
. 


·11. 
After power-up, 
pause for 100 lIS or more and execute 
at least 8 initialization 
cycles 
(normal 
memory 
cycles 
or refresh 
cycles), 
then start operation. 


·12. 
IT either tRCHor tRRHis satisfied, 
operation 
is guaranteed. 


·13. 
tSCC2 is defined 
as the last SAM cycle time before read transfer 
in read transfer 
cycle (I) . 
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Note: 
*1. When WE is high level, all the data on I/Os ean be written into the memory 
eell. When WE is low level, the data on I/Os are 


not written 
exeep.t for the case that the I/O is high at the falling edge of RAS. 
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I/O 
(Oulput) 


I/O 
(Input) 


Note: 
·1. 
When WE is high level, all the data on I/Os can be written into the mem~ell. 
When WE is low level, the data on I/Os are 


not written 
except for the case that the I/O is high at the falling edge of RAS. 


I/O 
(Input) 


I/O 


(Output) 


Note: 
·1. 
When WE is high level, all the data on I/Os can be written into the memory 
cell. When WE is low level, the data on I/Os are 


not written 
except for the case that the I/O is high at the falling edge of RAS. 
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Note: 
*1. When WE is high level, all the data on I/Os can be wrillen into the mem~ell. 
When WE is low level, the data on I/Os are 
not wrillen except for the case that the I/O is high at the falling edge of RAS. 
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I/O 
(Input) 


I/O 
(Output) 


Note: 
"I. 
When WE is high level, all the data on I/Os can be written into the mem~ll. 
When WE is low level, the data on I/Os are 
nOl written 
except for the case 'that the I/O is high at the falling edge of RAS. 
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OIIT//JZII/lfl/lfl/JIII~ 


IT/////I/T/l 1///II7ZZZT///Z 


I/O 
(Input) 
IJZlOOIIIZOOZ7ZZI/OZI 


I/O 
(Output) 


'iZZ//ZZZZZZZZZZZZZZ//1 


tllAC 


tCAC 


tOile 
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I/O 
(Output) 


I/O 
(Input) 


Notes: 
.1. When the previous 
data transfer 
cycle is a read transfer 
cycle, it is defmed 
as read transfer 
cycle (I). 


·2. 
SE is in low level. (When SE is high, SIlO becomes 
high impedance.) 


ll};S 


m 
t•.•• 


Address 


wr 


I/O 
(Oulput) 


I/O 
(Input) 


m/or 


SC 


SI/O 
(Output) 


SI/O 
(Input) 


Notes: 
.1. When the previous 
data transfer 
cycle is a write or pseudo 
transfer 
cycle, it is defined 
as read transfer 
cycle (2). 


·2. 
SE is in low level. (When SE is high, SIlO becomes 
high impedance.) 


ez!J : Don't cite 


~ 
: Inhibit risinl 
transient 
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~ 
: Don't 
care 


~ 
: Inhibit 
rising 
transient 


I/O 
: Don't 
care 


Note: 
o\. 
CAS and SAM stan address 
don't 
need to be specified 
every cycle, if SAM stan address 
is not changed. 


~ 
: Don't 
care 


~ 
: Inhibit 
rising 
transient 


Note: 
°1. 
CAS and SAM stan address 
don't 
need to be specified 
every cycle, if SAM stan address 
is not changed. 
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~ 
77////////////////////~~//////// 


~ 
7////////////7777777/~777777771 


Notes: 
*1. 
When 
SE is high level in a serial write cycle, data is not written into SAM, however, 
the pointer 
is incremented. 


*2. 
Address 
0 is accessed 
next to address 
511. 
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HM534252 Series - 
Preliminary 


The HM534252 
is a 1-Mbit multiport video RAM equipped with a 


256-kword 
x 4-bit dynamic 
RAM and a 512-word x 4-bit SAM (serial 


access memory). 
Its RAM and SAM operate independently 
and asynchronously. 
It 


~an transfer 
data between 
RAM and SAM and has a write mask 


function. 
It also provides 
logic operation 
mode to simplify its operation. 
In 


this mode, logic operation 
between memory data and input data can 


be executed 
by using internal logic-arithmetic 
unit. 


Features 


• 
Multiport organization 
Asynchronous 
and simultaneous 
operation of RAM and SAM 


capability 


RAM: 256-kword 
x 4-bit and SAM: 512-word 
x 4-bit 


• 
Access time 
RAM: 
100 ns/100 
ns/120 
ns/150 
ns max 


SAM: 
30 ns/40 
ns/40 
ns/50 
ns max 


• 
Cycle time 
RAM: 
190 ns/190 
ns/220 
ns/260 
ns max 


SAM: 
30 ns/40 
ns/40 
ns/60 
ns max 


• 
Low power 


Active 
RAM: 385 mW max 


SAM: 358 mW max 


Standby 
40 mW max 


• 
High-speed 
page mode capability 


• 
Logic operation 
mode capability 


• 
2 types of mask write mode capability 


• 
Bidirectional data transfer cycle between RAM and SAM capability 


• 
Real time read transfer capability 


• 
3 variations 
of refresh (8 ms/512 cycles) 


RAS-only 
refresh 


CAS-before-RAS 
refresh 


Hidden refresh 


• 
TIL 
compatible 


Ordering Information 


Type No. 
Access Time 
HM534252JP-1O 
100 ns 
HM534252JP-ll 
100 ns 
HM534252JP-12 
120 ns 


HM534252JP-15 
150 ns 


HM534252ZP-1O 
100 ns 
HM534252ZP-II 
100 ns 
HM534252ZP-12 
120 ns 
HM534252ZP-15 
150 ns 


Package 


400-mil 


28-pin 
Plastic SOJ (CP-28D) 


400-mil 


28-pin 
Plastic ZIP (ZP-28) 


This docwnent 
contains infonnationonanewproduct. 
Specifications 
and infonnation 


contained 
herein 
are subject to change 
without notice. 


Pin Arrangement 


HM534252JP 
Series 


sc 
1 
2' 
VU 


St/OO 
2 
27 
51/03 


51/01 
3 
26 
51/02 


or/tiE. 
25 
SE 


1/00 
5 
2' 
1/03 


1/01 
6 
23 
1/02 


W£722NC 


NC 
8 
21 m 


AAS 
9 
20 
NC 


AS 
10 
19 
AO 


A,6 
11 
18 
AI 


A5 
12 
17 
A2 


". 
13 
16 
••.3 


Vec 
1. 
15 
•. 7 


(fop 
View) 


HM534252ZP 
Series 


1 NC 
31/03 
551/02 
1 V•• 
,St/OO 
11 Dr/at 
131/01 
15 Ne 


17 A8 


19 AS 


2t 
Vcc: 


23 A3 


25 A1 


27 Ne 


Pin Name 


AO-A8 
I/OO-I/03 


SI/OO- 
SI/03 
RAS 


CAS 
WE 


DT/OE 


SC 
SE 


Vcc 


Vss 


NC 


Function 


Address inputs 
RAM port data inputs/ 


outputs 
SAM port data inputs/ 
outputs 
Row address strobe 


ColulTUladdress strobe 


Write enable 
Data transfer/Output 


enable 
Serial clock 
SAM port enable 


Power supply 
Ground 
No connection 
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RAM 
SAM 


DI/OE 


511 
511 
Dou! 
Pointe 


Din 
~ 


rnJj 
~ 
Memory 
c 
'i 
..• 
E 
'", 
Array 
:> 
a: 
•. 
(; 
.. 
a: 
c.> 
;; 
l:' 
From 
0 
J: 
Vl 
Column 
Address 
(SAM Start 
Address) 


0 
Row 


0 
511 


Pin Function 
RAS (input pin): RAS is a basic RAM signal. 
It is 
active 
in low level and standby 
in high level. 
Row 
address and signals as shown in table 1 are input atthe 


falling edge of RAS. The input level of those signals 
determine 
the operation 
cycle of the HM534252. 


CAS 
H 
H 
H 
H 
H 
L 
L 


Note: 
x; 


Table 1. Operation Cycles of the HM534252 


Input level at the falling edge ofRAS 
DT/OE 
WE 
H 
H 
H 
L 
L 
H 
L 
L 
L 
L 
x 
H 
x 
L 


CAS (input pin): Column address is put into chip at the 
falling edge of CAS. CAS controls output impedance of 


I/O in RAM. 


Ao-A8 
(input 
pins): 
Row address 
is determined 
by 


Ao-A81evel 
at the falling edge of RAS. Column address 
is determined 
by Ao-A8 
level at the falling 
edge of 


CAS. In transfer cycles, row address is the address on 
the word 
line which 
transfers 
data with 
SAM data 
register, and column address is the SAM start address 
after transfer. 


RAM read/write 
Mask write 


Read transfer 


Pseudo transfer 
Write transfer 
CBR refresh 


Logic operation 
set/reset 


WE (input pin): WE pin has two functions 
at the falling 
edge of RAS and after. When WE is low at the falling 


edge of RAS, the HM534252 turns to mask write mode. 
According to the I/O level at the time, write on each I/O 


can be masked. (WE level at the falling edge of RAS is 
don't care in read cycle.) When WE is high at the falling 


edge of RAS, a normal write cycle is executed. 
After 
that, WE switches 
read/write 
cycles 
as in a standard 
DRAM. In a transfer 
cycle, the direction 
of transfer 
is 
determined 
by WE level at the falling 
edge of RAS. 


When WE is low, data is transferred 
from SAM to RAM 
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(data is written into RAM), and when WE is high, data 
is transferred 
from RAM to SAM (data is read from 


RAM). 


1/00-1/03 
(input/output 
pins): 
I/O pins function 
as 


mask data at the falling edge of RAS (in mask write 


mode). Data is written only on high I/O pins. Data on 
low I/O pins are masked and internal data are retained. 
After that, they function 
as input/output 
pins as those 


of a standard 
DRAM. 


DTIOE 
(input pin): DTIOE pin functions 
as DT (data 


transfer) 
pin at the falling 
edge of RAS and as OE 


(output enable) 
pin after that. When DT is low at the 


falling 
edge of RAS, this cycle 
becomes 
a transfer 


cycle. When Mis 
high atthe falling edge of RAS, RAM 


and SAM operate 
independently. 


SC (input pin): SC is a basic SAM clock. In a serial read 


cycle, data 
outputs 
from an SI/O pin synchronously 


with the rising edge of SC. In a serial write cycle, data 
on an SI/O pin at the rising edge of SC is put into the 


SAM data register. 


SE (input pin): SE pin activates SAM. When SE is high, 
SVO is in the high impedance 
state in serial read cycle 


and data on SI/O is not put into the SAM data register 
in serial write cycle. SE can be used as a mask for 


serial write because 
internal pointer is incremented 
at 


the rising edge of SC. 


SVOO-SI/03 
(input/output 
pins): SI/Os are input/output 


pins in SAM. Direction of input/output 
is determined 
by 


the previous transfer cycle. When it was a read transfer 


cycle, 
SIlO 
outputs 
data. 
When 
it was 
a pseudo 


transfer cycle or write transfer cycle, SI/O inputs data. 


Operation 
of RAM Port 
RAM Read Cycle 
(DT/OE 
high, CAS high, at the falling edge of RAS) 


Row address is entered at the RAS falling edge and 


column address at the CAS falling edge to the device 


as in standard DRAM. Then, when WE is high and DT/ 
OE is low while CAS is low, the selected address data 


outputs through va pin. Atthe falling edge of RAS, DT/ 
O£ and CAS become 
high to distinguish 
RAM read 


cycle 
from 
transfer 
cycle 
and 
CBR 
refresh 
cycle. 


Address access time (tM) and RAS to column address 
delay time (tRAO)specifications 
are added to enable 


RAM Write 
Cycle 
(Early 
Write, 
Delayed 
Write, 
Read-Modify-Write) 


(DT/OE high, CAS high at the falling edge of RAS) 


• 
Normal Mode Write Cycle 
(WE high at the falling edge of RAS) 


When CAS and WE are set low after RAS is set low, 


a write cycle is executed 
and I/O data is written at the 


selected 
addresses. 
When all 4 I/Os are written, 
WE 
should be high at the falling edge of RAS to distinguish 


normal mode from mask write mode. 


IfWE is set low before the CAS falling edge, this cycle 
becomes 
an early write cycle and I/O becomes 
high 


impedance. 
Data is entered at the CAS falling edge. 


If WE is set low after the CAS falling edge, this cycle 
becomes 
a delayed write cycle. Data is input at the WE 


falling edge. I/O does not become 
high impedance 
in 


this cycle, so data should be entered with OE in high. 


If WE is set low after tcwo (min) and tAWD(min) after 


the CAS falling edge, this cycle becomes a read-modify- 
write cycle and enables write after read to execute in the 


same 
address 
cycle. 
In this cycle 
also, to avoid 
I/O 


contention, 
data should be input after reading data and 


setting OE high. 


If WE is set low at the falling edge of RAS, the cycle 


becomes 
a mask write mode cycle which writes only to 


selected I/O. Whether or not an VO is written depends on 
VO level (mask data) atthe falling edge of RAS. Then the 


data is written in high I/O pins and masked 
in low ones 


and internal data is preserved. This mask data is effective 


during the RAS cycle. 
So, in high-speed 
page mode 


cycle, 
the. mask 
data 
is preserved 
during 
the 
page 


access. 


High-Speed 
Page Mode Cycle 


(DT/OE high, CAS high at the falling edge of RAS) 


High-speed 
page mode cycle readsIWrites the data 


of the same row address at high speed by toggling CAS 
while RAS is low. Its cycle time is one third of the random 


readIWrite cycle and is higher than the standard 
page 


mode cycle by 70-80%. 
This product is based on static 


column mode, therefore address access time (tAA),RAS 
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to column address delay time (tRAO),and access time 


from CAS precharge 
(tAcp) are added. 
In one RAS 


cycle, 512-word 
memory cells of the same row address 


can be accessed. 
It is necessary 
to specify 
access 


frequency 
within tRASmax (10 Jls). 


Transfer 
Operation 
The HM534252 
provides the transfer cycle, pseudo 


transfer cycle, and write transfer cycle as data transfer 
cycles. These transfer cycles are set by driving DT/OE 


low at the falling edge of RAS. 


They have following 
functions: 


(1) Transfer data between row address and SAM data 


register (except for pseudo transfer cycle) 


(2) Determine 
direction 
of data transfer 


(a) 
Read transfer 
cycle: 
RAM ~ 
SAM 


(b) 
Write transfer 
cycle: 
RAM f- SAM 


(3) Determine 
input or output of SAM 110pin (SilO) 
Read transfer 
cycle: 
SilO output 
Pseudo transfer cycle, 


write transfer 
cycle: 
SilO input 


(4) Determine first SAM address to access (SAM start 


address) after transferring 
atcolumn 
address. When 


SAM start address is not changed, 
neither CAS nor 
address need to be set because SAM start address 


can be latched internally. 


Read Transfer 
Cycle (CAS high, DT/OE low, WE high 
at the falling edge of RAS) 


This cycle becomes 
read transfer 
cycle by driving 


DTIOE low and WE high at the falling edge of RAS. The 


row address data (512x4 bit) determined 
by this cycle 


is transferred 
synchronously 
at the rising edge of DTI 


DE. After the rising edge of DT/OE, the new address 


data outputs 
from SAM start address 
determined 
by 


column address. 


This cycle 
can access 
SAM 
serially 
even during 


transfer (real time read transfer). In this case, the timing 
tsoo (min) is specified 
between 
the last SAM access 


before transfer 
and DT/OE rising edge, and tsoH(min) 


between the first SAM access and DT/OE rising edge 
(see figure 1). 
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~~_/ 
\_-_/ 


Address 
__ 
~~~ 
__ 
Xi _~X 
x~ 
_ 


If read transfer 
cycle is executed, 
SilO becomes 


output state. When the previous transfer cycle is either 
pseudo transfer cycle or write transfer cycle and SilO 


is in input state, uncertain data outputs after tALZ(min) 
after the RAS falling edge. Before that, input should be 


set high impedance 
to avoid data contention. 


Pseudo 
Transfer 
Cycle 
(CAS high, DT/OE low, WE 


low, and SE high at the falling edge of RAS) 


Pseudo transfer cycle is available for switching 


SilO from output state to input state because data in 
RAM isn't rewritten. 
This cycle 
starts when CAS is 


high, DT/OE low, WE low, and SE high, at the falling 


edge of RAS. The output buffer in SilO becomes 
high 


impedance 
within 
tSAZ (max) 
from 
the 
RAS falling 


edge. Data should be input to SilO later than tSID(min) 
to avoid data contention. SAM access becomes enabled 


after tSAD(min) after RAS becomes 
high. In this cycle, 


SAM access is inhibited during RAS low, therefore, SC 
should not be raised. 


Write Transfer 
Cycle 
(CAS high, DT/OE low, WE low, 
and SE low at the falling edge of RAS) 


Write transfer cycle can transfer 
a row of data input 


by serial write cycle to RAM. The row address of data 
transferred 
into RAM is determined 
by the address 
at 


the falling edge of RAS. The column address is specified 


as the first address to serial write after terminating 
this 
cycle. Also in this cycle, SAM access becomes enabled 
after tSAD(min) after RAS becomes high. SAM access is 


inhibited during RAS low. In this period, SC should not 
be raised. 


serial 
Read Cycle 


SAM port is in read mode when the previous 
data 
transfer 
cycle 
is 
read 
transfer 
cycle. 
Access 
is 


synchronized 
with SC rising, and SAM data is output 


from 
SIlO. 
If SE 
is set 
high 
SilO 
becomes 
high 


impedance 
and internal pointer is incremented 
at the 


• 
HITACHI 


520 
Hitachi America, Ltd.• 
Hitachi Plaza. 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005·1819 
• (415) 589·8300 


serial 
Write 
Cycle 
If previous 
data transfer 
cycle is pseudo 
transfer 
cycle or write transfer cycle, SAM port goes into write 


mode. In this cycle, SI/O data is programmed 
into data 
register 
at the SC rising edge like in the serial read 


cycle. 
If SE is high, SI/O data isn't input 
into data 


resister. 
Internal pointer 
is incremented 
according 
to 
the SC rising edge, so SE high can mask data for SAM. 


RAM Refresh 
RAM, 
which 
is composed 
of 
dynamic 
circuits, 
requires 
refresh to retain data. Refresh is performed 
by accessing 
all512 row addresses 
every 8 ms. There 
are three refresh cycles: 
(1) RAS-only 
refresh cycle, 


(2) CAS-before-RAS 
(CBR) 
refresh 
cycle, 
and 
(3) 
Hidden refresh cycle. Besides them, the cycles which 


activate 
RAS such as readlwrite 
cycles 
or transfer 


cycles 
can refresh 
the row address. 
Therefore, 
no 


refresh cycle is required for accessing all row addresses 


every 8 ms. 


RAS-Only 
Refresh Cycle: RAS-only refresh cycle is 
performed 
by activating only RAS cycle with CAS fixed 
to high by inputting the row address (z refresh address) 
from 
external 
circuits. 
In this cycle, 
output 
is high- 


impedance 
and power dissipation 
is less than that of 
normal readlwrite cycles because CAS internal circuits 


don't 
operate. 
To distinguish 
this 
cycle 
from 
data 
transfer 
cycle, 
DT/OE 
should 
be high at the falling 


edge of RAS. 


CBR Refresh 
Cycle: CBR refresh cycle is set by 
activating 
CAS 
before 
RAS. 
In this 
cycle, 
refresh 
address need not to be input through external circuits 


because it is input through an internal refresh counter. 
In this cycle, output 
is in high impedance 
and power 
dissipation 
is lowered 
like in RAS-only 
refresh cycles 


because CAS circuits don't operate. To distinguish this 
cycle from logic operation 
set/reset cycle, WE should 


be high at the falling edge of RAS. 


Hidden 
Refresh 
Cycle: 
Hidden 
refresh 
cycle 
performs 
refresh 
by reactivating 
RAS when 
DT/OE 


and CAS keep low in normal RAM read cycles. 


SAM Refresh 
SAM parts (data register, 
shift register, 
selector), 
organized 
as fully static circuitry, don't require refresh. 


Logic 
Operation 
Mode 


The HM534252 
supports 
logic operation 
capability 
on RAM port. It performs logic operations 
between the 


memory 
cell data 
and input data 
in logic operation 
mode cycle, and writes the result into the memory cell 


(read modify write). This function 
realizes 
high speed 


raster operations 
and simplifies 
peripheral 
circuits for 


raster operations. 


Logic Operation 
Set/Reset 
Cycle (CAS and WE Low 
at the falling edge of RAS) 


In logic 
operation 
set/reset 
cycle, 
the 
following 
operations are performed althe same time; 1. Selection 


of logic operations 
and logic operation 
mode set/reset, 
2. Maskdataprogramming, 
3. CAS-before-RAS 
refresh. 


Figure 2 shows the timing for logic operation 
set/ 


reset cycle. This cycle starts when CAS and WE are low 
at the falling edge of RAS. In this cycle, logic operation 


codes and mask data are programmed 
by row address 


and I/O pin at the falling 
edge of RAS respectively. 
When write cycle is performed 
after this cycle, the logic 


operation 
write 
cycle 
starts. 
In the 
logic 
operation 
mode, the specification 
of cycle time is longer than that 
of normal 
mode because 
read-modify-write 
cycle 
is 
performed internally. In this cycle, logic operation codes 


and 
mask 
data 
programmed 
are 
available 
until 
reprogrammed. 
In normal mode, mask data is available 


only 
for 
one 
RAS 
cycle. 
Here, 
the 
mask 
data 
programmed 
in normal mode is named as "temporary 
mask data" and the one programmed 
in logic operation 
set/reset cycle is named as "mask data". 


(1)Selection 
of logic operations 
and logic operation 
mode set/reset 


Table 2 shows the logic operations. 
One operation 
is selected among sixteen ones by combinations 
of AO- 


A3 levels at the falling edge of RAS. (A4-A8 
are Don't 
care.) Logic operation codes (A3, A2, A1,AO) = (0, 1,0, 1) 
resets the logic operation 
mode. When write cycle is 


performed afterthat, normal write cycle starts. However, 


even in this case, mask data is still available. 
I/O should 


be at high level at the falling 
edge of RAS in logic 
operation 
set/reset cycle when mask data is not used. 


@HITACHI 


Hitachi America, Ltd .• 
Hitachi Plaza. 
2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 
521 


masked and the same memory 
cell data remains. 


Mask data, programmed 
in this cycle, is available 


until reprogrammed. 
It is advantageous 
when the 


same mask data continues. 
High/low 
level of 110 at the falling 
edge of RAS 


functions 
as mask data. When 110is high, the data is 


written in write cycle. When 110is low, the input data is 


AO-A3 


WE 
\ 
/ 
L 


1/00-1/03 
X 
M'l'M' 


X 


Figure 2. Logic Operation set/Reset 


Table 2. Logic Code 
Logic Code 
Symbol 
Write Data 
Note 
A3 
A2 
Al 
AO 


0 
0 
0 
0 
Zero 
0 


0 
0 
0 
1 
AND I 
Di·Mi 


0 
0 
1 
0 
AND2 
Di·Mi 
Logic operation 
mode set 
0 
0 
1 
I 
Mi 


0 
1 
0 
0 
AND3 
Di·Mi 


0 
1 
0 
I 
THROUGH 
Di 
Logic operation 
mode reset 
0 
1 
1 
0 
EOR 
Di·Mi+Di·Mi 


0 
1 
I 
1 
ORl 
Di+Mi 


1 
0 
0 
0 
NOR 
Di·Mi 


1 
0 
0 
1 
ENOR 
Di·Mi+Di·Mi 


1 
0 
I 
0 
INYI 
Di 
Logic operation 
mode set 
1 
0 
I 
I 
OR2 
Di+Mi 


I 
I 
0 
0 
INY2 
Mi 


1 
I 
0 
I 
OR3 
Di+Mi 


1 
1 
1 
0 
NAND 
Di+Mi 


1 
I 
1 
I 
One 
I 


Notes: 
Di; External data·in 
Mi; The data of the memory rell 


~HITACHI 


522 
Hitachi America, Ltd.• 
Hitachi Plaza. 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 
• (415) 589-8300 


Logic operation 
set/reset cycle 


1/03 
"H" 
"1"Write 
Masked 
"O"Write 
"'''Write 


Logic 
ANDI 
THROUGH 
ANDI 
ANDl 


Mask data is set. 
Temporary mask 


Remarks 
1101,2: Masked 
data is set, and 
Assume that the 
valid only in this 
logic is set to 
cycle. 
"AND1" 
1/00,3: Masked 


Also, temporary 
mask data is programmed 
by falling 


WE at the falling edge of RAS in logic operation 
mode 
cycle after mask data is prog ramm ad in log ic operation 


set/reset 
cycle. 
In this case, temporary 
mask data is 
available 
only for one cycle. 


Logic operation 
is reset during 
temporary 
mask 
write cycle. It means that external input data is written 
into 1/0 when temporary 
mask data is set. Figure 4 
shows write mask and logic operations. Thesefunctions 


are useful when RAM port is devided into frame buffer 


area and data area, as they save the need to reprogram 
logic operation 
codes and mask data. 


Write Cycle In Logic Operation Mode 
(Early Write, Delayed Write, Page Mode) 


Write cycle after logic operation 
set cycle is logic 
operation 
mode cycle. In this cycle, the following 
read- 


modify-write 
operation 
is performed 
Internally. 
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(1) Reading memory data in given address into internal 


bus. 


2) 
Performing 
operation 
between 
input 
data 
and 


memory data 


Execute logic operation between source data 
and destination 
data 


Write the result of operation into the destination 


address 


Figure 4 shows sequence of raster operation. Raster 


operation 
which 
needs 
3 cycles 
(destination 
read, 


operation, 
destination 
write) 
in normal 
mode can be 


executed 
in one write cycle of logic operation 
mode. It 


makes raster operation faster and simplifies peripheral 


hardware 
for raster operation. 


Absolute Maximum 
Ratings 


Item 
Terminal voltage '1 
Power supply voltage 
'1 


Power dissipation 
Operating 
temperature 


Storage temperature 
Note: 
*1. Relative to Vss. 


Symbol 


YT 
Ycc 


PT 


Topr 


Tstg 


Rating 


-1.0 to +7.0 
-0.5 to +7.0 
1.0 
o to +70 


-55 to +125 


Unit 


Y 
Y 


W 
·C 


°C 


Recommended 
DC Operating Conditions (Ta = 0 to +70°C) 


Item 
Symbol 
Min 
Typ 


Supply voltage '1 
Ycc 
4.5 
5.0 


Input high voltage'l 
YIH 
2.4 
Input low voltage" 
Yn.. 
-0.5"2 


Notes: 
*1. All voltages referenced to Vss. 
*2. -3.0 V for pulse width S; 10 ns. 


Max 
Unit 


5.5 
Y 


6.5 
Y 


0.8 
Y 
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Test Conditions 
HM534252-IO 
HM534252-11 
HM534252-12 
HM534252-15 
Item 
Symbol 
Unit 
Notes 


RAM Port 
SAM Port 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Operating 
ICC! 
RAS, CAS Cycling 
SC = V1L, SE = V1H 
- 
70 
- 
70 
- 
60 
- 
55 
mA 
- 
1,2 
Current 
ICC7 
tRc = Min. 
SE = VIL' 
SC Cycling 
tscc = Min. 
- 
120 
- 
120 
- 
100 
- 
85 
mA 


Slandby 
~ 
SC ~ V1L, SE ~ VIH 
- 
7 
- 
7 
- 
7 
- 
7 
mA 
RAS, CAS = V1H 
I 
Current 
ICC8 
SE = V1L• 
SC Cycling 
tsec = Min. 
- 
65 
- 
55 
- 
55 
- 
40 
mA 


RAS-Only 
~ 


RAS Cycling 
SC = VIL, SE ~ VIH 
- 
70 
- 
70 
- 
60 
- 
55 
mA 
Refresh 
CAS = VIH 
2 


Current 
1eC9 
tRc = Min. 
SE = V1L. 
SC Cycling 
tscc = Min. 
- 
120 
- 
120 
- 
100 
- 
85 
mA 


Page Mode 
~ 
CAS Cycling 
SC = VIL, SE ~ VIH 
- 
80 
- 
80 
- 
70 
- 
60 
mA 


Current 
RAS ~ V1L 
1,3 


ICCIO 
tRC = Min. 
SE = VIL' 
SC Cycling 
tscc = Min. 
- 
130 
- 
130 
- 
110 
- 
90 
mA 


CAS-Before- 
~ 
RAS 
Cycling 
SC ~ VIL, SE ~ VIH 
- 
60 
- 
60 
- 
50 
- 
40 
mA 
RAS 
Refresh 


Current 
ICCII 
tRc = Min. 
SE = VIL' 
SC Cycling 
tscc = Min. 
- 
110 
- 
110 
- 
90 
- 
70 
mA 


Dala 
ICC• 
RAS, CAS 
SC ~ VIL, SE ~ VIH 
- 
95 
- 
95 
- 
90 
- 
85 
mA 
Transfer 
- 
Cycling 
tRc = Min. 
2 
Current 
ICCI2 
SE = VIL' 
SC Cycling 
tsee = Min. 
- 
135 
- 
135 
- 
125 
- 
115 
mA 


Input 
Leakage 
III 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
.A 
Current 


Output 
Leakage 
lLO 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
.A 
Current 


Output 
High 
VOH 
10H = -2mA 
2.4 
- 
2.4 
- 
2.4 
- 
2.4 
- 
V 
Vollage 


Output 
Low 


VOL 
IOL = 4.2mA 
- 
0.4 
- 
0.4 
- 
0.4 
- 
0.4 
V 
Vohage 


I. Ice depends on output loading condition 
when the device is selected. 
Ice max. is specified at the output open condition. 


2. Address can be changed less than three times while RAS = VIL. 


3. Address can be changed once or less while CAS = V IH. 


Capacitance 
(Ta = 25°C, Vee= 5 V, f = IMHz, Bias: Clock, I/O = Vee, address = Vss) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 


~~ 
~ 
5 
~ 


Clock 
CI2 
5 
pF 


I/O,SI/O 
C~ 
7 
pF 
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Test Conditions 


Input rise and fall time: 
Output 
load: 


Input timing reference 
levels: 


Output timing reference 
levels: 


5 ns 
See figures 
0.8 V, 2.4 V 


0.4 V, 2.4 V 


Output 
Load (B) 


+5V 


HM534252-10 
HM534252-11 
HM534252-12 
HM534252-15 
Parameter 
Symbol 
Unit 
Notes 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Random Read or 
tRC 
190 
190 
220 
260 
Write Cycle Time 
- 
- 
- 
- 
ns 


RAS Precharge 
Time 
tRP 
80 
- 
80 
- 
90 
- 
100 
- 
ns 


RAS Pulse Width 
tRAS 
100 
1ססoo 
100 
1ססoo 
120 
1ססoo 
150 
1ססoo 
ns 


CAS Pulse Width 
teAS 
30 
1ססoo 
30 
1ססoo 
35 
1ססoo 
40 
1ססoo 
ns 


Row Address Setup Time 
tASR 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Row Address Hold Time 
tRAH 
15 
- 
15 
- 
15 
- 
20 
- 
ns 


Column Address Setup Time 
tASC 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Column Address Hold Time 
teAH 
20 
- 
20 
- 
20 
- 
25 
- 
ns 


RAS to CAS Delay Time 
tRCD 
25 
70 
25 
70 
25 
85 
30 
110 
ns 
5,6 


RAS Hold Time 
tRSH 
30 
- 
30 
- 
35 
- 
40 
- 
ns 


CAS Hold Time 
teSH 
100 
- 
100 
- 
120 
- 
150 
- 
ns 


CAS to RAS Precharge 
Time 
tCRP 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


Transition Time (Rise to Fall) 
tT 
3 
50 
3 
50 
3 
50 
3 
50 
ns 
8 


Refresh Period 
tREF 
- 
8 
- 
8 
- 
8 
- 
8 
ms 


DT to RAS Setup Time 
tDTS 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


DT to RAS Hold Time 
tDTH 
15 
- 
15 
- 
15 
- 
20 
- 
ns 


Data-In to OE Delay Time 
tDZO 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Data-In to CAS Delay Time 
tDZC 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
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HM534252-10 
HM534252-11 
HM534252-12 
HM534252-15 
Parameter 
Symbol 
Unit 
Notes 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Access Time From RAS 
tRAC 
- 
100 
- 
100 
- 
120 
- 
150 
ns 
2, 3 


Access Time From CAS 
teAC 
- 
30 
- 
30 
- 
35 
- 
40 
ns 
3, 5 


Access Time From OE 
toAC 
- 
30 
- 
30 
- 
35 
- 
40 
ns 
3 


Address Access Time 
tAA 
- 
45 
- 
45 
- 
55 
- 
70 
ns 
3, 6 


Output Buffer Turn Off Delay 
toFFI 
- 
25 
- 
25 
- 
30 
- 
40 
ns 
7 
Referenced 
to CAS 


Output Buffer Turn Off Delay 
toFF2 
- 
25 
- 
25 
- 
30 
- 
40 
ns 
7 
Referenced 
to OE 


Read Command 
Setup Time 
tRCS 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Read Command 
Hold Time 
tRCH 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
12 


Read Command 
Hold Time 
tRRH 
10 
10 
10 
10 
12 
Referenced 
to RAS 
- 
- 
- 
- 
ns 


RAS to Column Address 


tRAO 
20 
55 
20 
55 
20 
65 
25 
80 
5,6 
Delay Time 
ns 


Page Mode Cycle Time 
tpc 
55 
- 
55 
- 
65 
- 
80 
- 
ns 


CAS Precharge 
Time 
tep 
10 
- 
10 
- 
15 
- 
20 
- 
ns 


Access Time From CAS 
tACP 
50 
50 
60 
75 
Precharge 
- 
- 
- 
- 
ns 


HM:S34252-10 
HM534252-11 
HM534252-12 
HM534252-15 
Parameter 
Symbol 
Unit 
Notes 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Command 
Setup Time 
twcs 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
9 


Write Command 
Hold Time 
tWCH 
25 
- 
25 
- 
25 
- 
30 
- 
ns 


Write Command 
Pulse Width 
twP 
15 
- 
15 
- 
20 
- 
25 
- 
ns 


Write Command 
to RAS 
tRwL 
30 
30 
35 
40 
Lead Time 
- 
- 
- 
- 
ns 


Write Command 
to CAS 
tewL 
30 
30 
35 
40 
Lead Time 
- 
- 
- 
- 
ns 


Data-In Setup Time 
tos 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
10 


Data-In Hold Time 
tOH 
25 
- 
25 
- 
25 
- 
30 
- 
ns 
10 


WE to RAS Setup Time 
tws 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


WE to RAS Hold Time 
tWH 
15 
- 
15 
- 
15 
- 
20 
- 
ns 


Mask Data to RAS Setup Time 
tMS 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Mask Data to RAS Hold Time 
tMH 
15 
- 
15 
- 
15 
- 
20 
- 
ns 


OE Hold Time Referenced 
toEH 
10 
10 
15 
20 
to WE 
- 
- 
- 
- 
ns 


Page Mode Cycle Time 
tpc 
55 
- 
55 
- 
65 
- 
80 
- 
ns 


CAS Precharge 
Time 
tep 
10 
- 
10 
- 
15 
- 
20 
- 
ns 
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HM534252-10 
HM534252-11 
HM534252-12 
HM534252-15 
Parameter 
Symbol 
Unit 
Notes 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read Modify Write Cycle Time 
tRWC 
255 
- 
255 
- 
295 
- 
350 
- 
ns 


RAS Pulse Width 
tRwS 
165 
1ססoo 
165 
1ססoo 
195 
1ססoo 
240 
1ססoo 
ns 


CAS to WE Delay 
leWD 
65 
- 
65 
- 
75 
- 
90 
- 
ns 
9 


Column Address to WE Delay 
tAWD 
80 
- 
80 
- 
95 
- 
120 
- 
ns 
9 


OE to Data-In Delay Time 
!oDD 
25 
- 
25 
- 
30 
- 
40 
- 
ns 


Access Time From RAS 
tRAC 
- 
100 
- 
100 
- 
120 
- 
150 
ns 
2,3 


Access Time From CAS 
leAC 
- 
30 
- 
30 
- 
35 
- 
40 
ns 
3, 5 


Access Time From OE 
!oAC 
- 
30 
- 
30 
- 
35 
- 
40 
ns 
3 


Address Access Time 
tAA 
- 
45 
- 
45 
- 
55 
- 
70 
ns 
3,6 


RAS to Column Address Delay 
tRAD 
20 
55 
20 
55 
20 
65 
25 
80 
ns 
5,6 


Output Buffer Thrn-Off 
!oFF2 
- 
25 
- 
25 
- 
30 
- 
40 
ns 
Delay Referenced 
to OE 


Read Command 
Setup Time 
tRCS 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Write Command 
to RAS 
tRwL 
30 
30 
35 
40 
Lead Time 
- 
- 
- 
- 
ns 


Write Command 
to CAS 
leWL 
30 
30 
35 
40 
Lead Time 
- 
- 
- 
- 
ns 


Write Command 
Pulse Width 
twP 
15 
- 
15 
- 
20 
- 
25 
- 
ns 


Data-In Setup Time 
tDS 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
10 


Data-In Hold Time 
tDH 
25 
- 
25 
- 
25 
- 
30 
- 
ns 
10 


WE to RAS Setup Time 
tws 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


WE to RAS Hold Time 
tWH 
15 
- 
15 
- 
15 
- 
20 
- 
ns 


Mask Data to RAS Setup Time 
tMS 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Mask Data to RAS Hold Time 
tMH 
15 
- 
15 
- 
15 
- 
20 
- 
ns 


OE Hold Time Referenced 
10 
10 
15 
20 
to WE 
tOEH 
- 
- 
- 
- 
ns 


Parameter 
Symbol 
HM534252-10 
HM534252-11 
HM534252-12 
HM534252-15 
Unit 
Notes 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS Setup Ti~ 
leSR 
10 
- 
10 
- 
10 
- 
10 
- 
ns 
(CAS-Before-RAS 
Refresh) 


CAS Hold Time 
20 
20 
25 
(CAS-Before-RAS 
Refresh) 
leHR 
- 
- 
- 
30 
- 
ns 


RAS Precharge 
to CAS 


tRPC 
10 
- 
10 
- 
10 
- 
10 
Hold Time 
- 
ns 
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HM534252-10 
HM534252-11 
HM534252-12 
HM534252-15 


Parameter 
Symbol 
Unit 
Notes 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


WE to RAS Setup Time 
tws 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


WE to RAS Hold Time 
tWH 
15 
- 
15 
- 
15 
- 
20 
- 
ns 


SE to RAS Setup Time 
tES 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


SE to RAS Hold Time 
tEH 
15 
- 
15 
- 
15 
- 
20 
- 
ns 


RAS to SC Delay Time 
tSRD 
25 
- 
30 
- 
30 
- 
35 
- 
ns 


SC to RAS Setup Time 
tSRS 
30 
- 
40 
- 
40 
- 
45 
- 
ns 


DT Hold Time From RAS 
tRDH 
80 
- 
90 
- 
90 
- 
110 
- 
ns 


DT Hold Time From CAS 
leDH 
20 
- 
30 
- 
30 
- 
45 
- 
ns 


Last SC to DT Delay Time 
tSDD 
5 
- 
5 
- 
5 
- 
10 
- 
ns 


First SC to DT Hold Time 
tSDH 
20 
- 
25 
- 
25 
- 
30 
- 
ns 


DT to RAS Lead Time 
tDTL 
50 
- 
50 
- 
50 
- 
50 
- 
ns 


DT Hold Time Referenced 


tDTHH 
20 
25 
25 
30 
to RAS High 
- 
- 
- 
- 
ns 


DT Precharge 
Time 
tDTP 
30 
- 
35 
- 
35 
- 
40 
- 
ns 


Serial Data.!!!£!li Delay 


tSID 
50 
- 
60 
- 
60 
- 
75 
- 
ns 
Time from RAS 


Serial Data Input to 


tSZR 
- 
10 
- 
10 
- 
10 
- 
10 
ns 
RAS Delay Time 


Serial Output Buffer Turn-Off 


tSRZ 
10 
50 
10 
60 
10 
60 
10 
75 
ns 
7 
Delay From RAS 


RAS to Sout (Low-Z) 


tRLZ 
5 
- 
10 
- 
10 
- 
10 
- 
ns 
Delay Time 


Serial Clock Cycle Time 
tscc 
30 
- 
40 
- 
40 
- 
60 
- 
ns 


Serial Clock Cycle Time 
tSCC2 
40 
- 
40 
- 
40 
- 
60 
- 
ns 
13 


Access Time From SC 
tSCA 
- 
30 
- 
40 
- 
40 
- 
50 
ns 
4 


Serial Data Out Hold Time 
tSOH 
7 
- 
7 
- 
7 
- 
7 
- 
ns 
4 


SC Pulse Width 
tsc 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


SC Precharge 
Width 
tscp 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


Serial Data-In Setup Time 
tSIS 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Serial Data-In Hold Time 
tSIH 
15 
- 
20 
- 
20 
- 
25 
- 
ns 


HM534252-10 
HM534252-11 
HM534252-12 
HM534252-15 
Parameter 
Symbol 
Unit 
Notes 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Serial Clock Cycle Time 
tscc 
30 
- 
40 
- 
40 
- 
60 
- 
ns 


Access Time From SC 
tSCA 
- 
30 
- 
40 
- 
40 
- 
50 
ns 
4 


Access Time From SE 
tSEA 
- 
25 
- 
30 
- 
30 
- 
40 
ns 
4 


Serial Data-Out Hold Time 
tSOH 
7 
- 
7 
- 
7 
- 
7 
- 
ns 
4 


SC Pulse Width 
tsc 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


SC Precharge 
Width 
tscp 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


Serial Outpu!.!!uffer 
Turn-Off 


tSEZ 
- 
25 
- 
25 
- 
25 
- 
30 
ns 
7 
Delay From SE 
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HM534252-10 
HM534252-11 
HM534252-12 
HM534252-15 
Parameter 
Symbol 
Unit 
Notes 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Serial Clock Cycle Time 
tscc 
30 
- 
40 
- 
40 
- 
60 
- 
ns 


SC Pulse Width 
tsc 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


SC Precharge 
Width 
tscp 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


Serial Data-In Setup Time 
tSIS 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Serial Data-In Hold Time 
tSIH 
15 
- 
20 
- 
20 
- 
25 
- 
ns 


Serial Write Enable 


tsws 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
Setup Time 


Serial Write Enable Hold Time 
tswH 
30 
- 
35 
- 
35 
- 
50 
- 
ns 


Serial Write Disable 
tSWIS 
0 
0 
0 
- 
0 
- 
Setup Time 
- 
- 
ns 


Serial Write Disable 
tSWIH 
30 
35 
35 
50 
Hold Time 
- 
- 
- 
- 
ns 


HM534252-10 
HM534252-11 
HM534252-12 
HM534252-15 
Parameter 
Symbol 
Unit 
Notes 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS Hold Time (Logic 


tFCHR 
90 
- 
90 
- 
100 
- 
120 
- 
ns 
Operation 
Set/Reset 
Cycle) 


RAS Pulse Width in 


tRFS 
140 
1ססoo 
140 
1ססoo 
165 
1ססoo 
200 
1ססoo 
Write Cycle 
ns 


CAS Pulse Width in 
tCFS 
60 
1ססoo 
60 
1ססoo 
70 
1ססoo 
80 
1ססoo 
Write Cycle 
ns 


CAS Hold Time in Write Cycle 
tFCSH 
140 
- 
140 
- 
165 
- 
200 
- 
ns 


RAS Hold Time in Write Cycle 
tFRSH 
60 
- 
60 
- 
70 
- 
80 
- 
ns 


Write Cycle Time 
tFRC 
230 
- 
230 
- 
265 
- 
310 
- 
ns 


Page Mode Cycle Time 
tFPC 
85 
- 
85 
- 
100 
- 
120 
- 
ns 
(Write Cycle) 


I. AC measurements 
assume 
tT = 5ns. 


2. Assume 
that tRCD :5 tRCD(max.) 
and tRAD :5 tRAD(max.). 
If tRCDor tRADis greater 
than the maximum 
recommended 
value shown in this table, tRACexceeds 
that value shown. 


3. Measured 
with a load circuit 
equivalent 
to 2 ITL 
loads and 100 pF. 


4. Measured 
with a load circuit 
equivalent 
to 2 TTL loads and 50 pF. 


5. When tRCD 2: tRCD (max.) 
and tRAD :5 tRAD (max.), 
access time is specified 
by tCAC. 


6. When tRCD :5 tRCD (max.) 
and tRAD 2: tRAD (max.), 
access time is specified 
by tAA. 


7. toFF (max.) 
is defined 
as the time at which the output achieves 
the open circuit 
condition 
(VOH - 200mV, 
VOL + 
200mV). 


8. VIH (min.) 
and VIL (max.) 
are reference 
levels for measuring 
timing of input signals. 
Transition 
times are measured 
between 
VIH and VIL. 


9. When twcs 
2: twcs (min.), 
the cycle is an early write cycle, 
and I/O pins remain 
in an open circuit 
(high 


impedance) 
condition. 
When tAwD 2: tAwD (min.) 
and !cwo 
2: !cwo (min.), 
the cycle is a read-modify-write 
cycle; 


the data of the selected 
address 
is read out from a data output pin and input data is written 
into the selected 
address. 
In this case, impedance 
on 1/0 pins is controlled 
by OE. 


10. These parameters 
are referenced 
to CAS falling edge in early write cycles or to WE falling edge in delayed 
write or 
read-modify-write 
cycles. 


II. 
After power-up, 
pause for 100 I's or more and execute at least 8 initialization 
cycles (normal 
memory 
cycles or 
refresh cycles), 
then star! operation. 


12. If either tRCHor tRRHis satisfied, 
operation 
is guaranteed. 


13. tsca 
is defined 
as the last SAM cycle time before read transfer 
in read transfer 
cycle (I). 
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I/O 


(Output) 


I/O 


(Input) 


7b :Don't care. 


Note: 
*1. 
When WE is high level, all the data on I/Os can be wrillen into the memory 
cell. When WE is low level, the data on I/Os are 
not wrillen 
except for the case that the I/O is high at the falling edge of RAS. 
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Note: 
01. When WE is high level, all the data on IjOs can be written into the memory 
cell. When WE is low level, the data on IjOs are 


not written except for the case that the IjO is high at the falling edge of RAS. 


Note: 
°1. 
When WE is high level, all the data on IjOs can be written into the mem~ell. 
When WE is low level, the data on IjOs are 


not written except for the case that the IjO is high at the falling edge of RAS. 
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too 


RAS 


m 


Address 


IV< 


I/O 
(Input) 


I/O 


(Output) 


m/ITr 


Note: 
·1. 
When WE i. high level, all the data on 1/0s can be written into the mem~l1. 
When WE is low level, the data on 1IOs are 


not written except for the case that the 1/0 is high at the falling edge of RAS. 
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I/O 
High-Z 
I 


(Output) 
__ -:rt- 
~" 


or/DE il--------l!-77-77~7-ZZ-Z-// 


Note: 
01. When WE is high level, all the data on lIOs can be written into the memory 
cell. When WE is low level, the data on lIOs are 


not written except for the case that the lIO is high at the falling edge of RAS. 
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1/1//////IJllfliJ////OTO/ 


V/l//lZZII///////JZ07ZZZZ 


I/O 


(Oulpul) 


I/O 


(Inpul) 
'lZ1ZZ00l70ZZZ7ZZ00Z/ 


7ZZ//ZZZZ//ZZZZZZZZ//1 
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I/O 
(Output) 


I/O 
(Input) 


Notes: 
*1. When the previous 
data transfer 
cycle is a read transfer 
cycle, it is defined 
as read transfer 
cycle (I). 
*2. 
SE is in low level. (When SE is high, SIlO becomes 
high impedance.) 
*3. 
CAS and SAM start address 
don't 
need to be specified 
every cycle, if SAM start address 
is not changed. 


I/O 
(Output) 


I/O 


(Input) 


Notes: 
*1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as read transfer cycle (2). 
*2. 
SE is in low level. (When SE is high, SIlO becomes 
high impedance.) 
*3. CAS and SAM start address 
don't 
need to be specified 
every cycle, if SAM start address 
is not changed. 
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SI/O 
(Input) 


~ 
: Don't 
care 


~ 
: Inhibit 
rising 
transient 


I/O 
: Don't 
care 


SI/O 
(Output) 


Note: 
*1. CAS and SAM staft address 
don't 
need to be specified 
every cycle, if SAM staft address 
is not changed. 


~ 
: Don't 
care 


~ 
: Inhibit risins 
transient 
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• 


~ 
7711111111111111111111~ 
11111111 


~ 
777777//IZIIIIIIIIIII~/11111111 


Notes: 
01. When 
SE is high level in a serial write cycle, data is not written 
into SAM, however, 
the pointer 
is incremented. 


°2. 
Address 
0 is accessed 
next to address 
51 I. 
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I/O 
(Output) 


~I.~ 
7777777777777777777777777777777777/ 


~ 
: Don't care. 


Notes: 
*1. 
Logic code AD-A3 
*2. Write mask data 


~HITACHI 


Hitachi America, Ltd .• 
Hitachi Plaza. 
2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 
539 


I/O 


(Input) 


Note: 
*1. When WE is high, all the data on I/Os can be written into the memory 
cell. When WE is low, the data on I/Os are not written 
except for the case that the I/O is high at the falling edge of RAS. 


I/O 


(Input) 


I/O 
(Output) 


Note: 
*1. When WE is high, all the data on I/Os can be written into the memory 
cell. When WE is low, the data on I/Os are not written 


except 
for the case that the I/O is high at the falling edge of RAS. 
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I/O 


(Input) 


I/O 


(Output) 


Note: 
I. 
When WE is high, all the data on I/Os can be written 
into the memory 
cell. When WE is low, the data on I/Os are not written 


except for the case that the I/O is high at the falling edge of RAS. 


Page Mode Write Cycle (Early Write) 


Note: 
1. 
When WE is high, all the data on I/Os can be written into the memory 
cell. When WE is low, the data on I/Os are not written 


except for the case that the I/O is high at the falling edge of RAS. 
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HM534253 Series 
-Preliminary 


The HM534253 
is a 1-Mbit multiport video RAM equipped with a 


256-kword 
x 4-bit dynamic 
RAM and a 512-word x 4-bit SAM (serial 


access 
memory). 
Its RAM and SAM operate 
independently 
and 


asynchronously. 
It can transfer 
data between 
RAM and SAM and 


has a write mask function. In addition, it has two new functions. 
Flash 


write clears the data of one row in one cycle in RAM. Special read 


transfer 
internally 
detects that the last address in SAM is read and 


transfers 
the next data of one row automatically 
from 
RAM if a 


transfer cycle has previously 
been executed. These functions make 


it easier to use the HM534253. 


Features 


• 
Multiport organization 
Asynchronous 
and simultaneous 
operation 
of RAM and SAM 


capability 


RAM: 256-kword 
x 4-bit and SAM: 512-word 
x 4-bit 


• 
Access time 
RAM: 100 ns/120 ns/150 ns max 
SAM: 30 ns/40 
ns/50 
ns max 


• 
Cycle time 
RAM: 190 ns1220 ns1260 ns min 
SAM: 30 ns/40 
ns/60 
ns min 


• 
Low power 
Active 
RAM: 385 mW max 


SAM: 275 mW max 


Standby 
40 mW max 


• 
High-speed 
page mode capability 


• 
Mask write mode capability 


• 
Bidirectional data transfer cycle between RAM and SAM capability 


• 
Special 
read transfer 
cycle capability 


• 
Flash write cycle capability 


• 
3 variations 
of refresh (8 ms/512 cycles) 


RAS-only 
refresh 


~-before-RAS 
refresh 


Hidden refresh 


• 
TIL 
compatible 


Ordering 
Information 


Type No. 
Access Time 


HM534253JP-10 
lOOns 


HM534253JP-12 
120 ns 


HM534253JP-15 
150 ns 


HM534253ZP-10 
lOOns 


HM534253ZP-12 
120 ns 


HM534253ZP-15 
150ns 


Package 
4oo-mil 
28-pin 


Plastic SOJ (CP-28D) 


4oo-mil 
28-pin 


Plastic ZIP (ZP-28) 


This docmnent 
contains information 
on a new product. Specifications 
and information 


contained 
herein are subject 
to change 
without notice. 


1 
28 


2 
27 
3 
26 
4 
25 
5 
24 


6 
23 


7 
22 


8 
21 


9 
20 


10 
19 
11 
18 


12 
17 


13 
16 


14 
15 


V•• 
Sl/03 
SI/02 
~ 
1/03 
1/02 
DSF 
rn 
QSF 
AO 
At 
A2 
A3 
A7 


SC 
SilOO 
SI/Ol 
Of/DE 
1/00 
1/01 
WE 
NC 
m 
A8 
A6 
A5 
A4 
Vcc 


1/02 
2 
~ 
4 
SI/03 
6 
SC 
8 
SI/Ol 
10 
1/00 12 
WE 14 
m16 
A6 
18 
A4 20 
A7 22 
A2 24 
AO 26 
CAS 
28 


lDSF 
31/03 
5 SI/02 
7 V •• 
9 Sl/OO 
11 l5l/Ot 
131/01 
15 NC 
17 A8 
19 A5 
21 Vcc 
23 A3 
25 Al 
27 QSF 


Pin Name 
AO-A8 


IJOO-I/03 


SIJOO- 


SIJ03 


RAS 
CAS 
WE 
DT/OE 


SC 
SE 
DSF 


FW1ction 


Address inputs 


RAM port data inputs/ 
outputs 


SAM port data inputs/ 
outputs 


Row address strobe 
Column address strobe 


Write enable 


Data trans£er!Output 
enable 
Serial clock 


SAM port enable 


Special function input 
flag 


Data register empty 
flag 
Power supply 
Ground 
No connection· 
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Pin Function 
RAS (input pin): RAS is a basic RAM signal. It is active 
in low level and standby in high level. Row address and 


signals as shown in table 1 are input at the falling edge 


From 
Column 
Address 


(SAM Start 
Address) 


of RAS. The input level of those signals determine 
the 
operation 
cycle of the HM534253. 


CAS 


H 
H 
H 
H 
H 
H 
H 
H 
L 


Note: 
x: 


Table 1. Operation 
Cycles 
of the HM534253 


Input level at the falling edge of RAS 
D'l?OE 
WE 
SE 
H 
H 
x 


H 
H 
x 


H 
L 
x 
H 
L 
x 


L 
H 
x 


L 
H 
x 
L 
L 
H 
L 
L 
L 


DSF 
L 
H 
L 
H 
L 
H 


x 


Don'teare. 


CAS (input pin): Column address is put into chip at the 
falling edge of CAS. CAS controls output impedance of 
110 in RAM. 


AQ-A8 (input pins): Row address is determined 
by AO- 


A81evel at the falling edge of RAS. Column address is 
determined 
by AQ-A8level 
at the falling edge of CAS. 


In transfer 
cycles, row address 
is the address on the 


RAM readlwrite 


Color register set 


Mask write 
Flash write 


Special read initialization 


Special read transfer 


Pseudo transfer 
Write transfer 


CBR Refresh 


word line which transfers data with SAM data register, 
and column 
address 
is the SAM start address 
after 


transfer. 


WE (input pin):WE 
pin has two functions 
at the falling 


edge of RAS and after. When WE is low at the falling 
edge of RAS, the HM534253 turns to mask write mode. 
According to the 1/0 level at the time, write on each 1/0 
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can be masked. 
(WE level at the falling edge of RAS 
is don't care in read cycle.) When WE is high at the 


falling edge of RAS, a normal write cycle is executed. 
After 
that, 
WE 
switches 
readlwrite 
cycles 
as in a 


standard 
DRAM. 
In a transfer 
cycle, the direction 
of 
transfer 
is determined 
by WE level at the falling edge 


of RAS. When WE is low, data is transferred 
from SAM 


to RAM (data is written 
into RAM), and when WE is 
high, data is transferred 
from RAM to SAM (data is 


read from RAM). 


1/00-1/03 
(input/output 
pins): 
lID 
pins function 
as 


mask data althe falling edgeof RAS (in mask write and 
flash write mode). Data is written only on high 110 pins. 
Data on low lID pins are masked and internal data are 


retained. After that, they function 
as input/output 
pins 
as those of a standard 
DRAM. 


DTIOE 
(input pin): DT/OE pin functions 
as DT (data 
transfer) 
pin at the falling 
edge of RAS and as DE 
(output enable) 
pin after that. When DT is low at the 


falling 
edge of RAS, this cycle 
becomes 
a transfer 
cycle. When DT is high at the falling edge of RAS, RAM 


and SAM operate 
independently. 


SC (input pin): SC is a basic SAM clock. In a serial read 
cycle, data is output from an SilO pin synchronously 
with the rising edge of SC. In a serial write cycle, data 


on an SilO pin at the rising edge of SC is put into the 
SAM data register. 


SE (input pin): SE pin activates SAM. When SE is high, 
SilO is in the high impedance 
state in serial read cycle 


and data on SIlO is not put into the SAM data register 
in serial write cycle. SE can be used as a mask for 
serial write because internal pointer is incremented 
at 
the rising edge of SC. 


SIIOo-SI/03 
(input/output pins): SilOs are inputloutput 


pins in SAM. Direction of input/output 
is determined 
by 
the previous transfer cycle. When it was a special read 
transfer cycle or special read initialization 
cycle, SilO 


outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, SIlO inputs data. 


DSF (input pin): DSF is a special data input flag pin. It 


is set to high when new functions such as color register 


set, special read transfer, 
and flash write, are used. 


QSF (output pin): The HM534253 
has a double buffer 
organization 
which includes two SAM data registers to 
relax the restriction on timings of DT/OE and SC in real 


time transfer cycle. QSF flag turns high when output 
from one of SAM data registers finished 
(data register 


empty flag). If the condition 
is detected 
and special 
read transfer cycle is executed, 
data is transferred 
to 


the empty register. SC (serial clock) and data transfer 
cycle can be set asynchronously 
because detection of 


the last address 
in SAM and change of data register 
are executed 
automatically 
in the chip. It makes the 


system design flexible. 


RAM Read Cycle (DT/OE high, CAS high, DSF low at 


the falling edge of RAS) 


Row address is entered at the RAS falling edge and 


column address at the CAS falling edge to the device 
as in standard DRAM. Then, when WE is high and DTI 


DE is low while CAS is low, the selected address data 


is output through 
lID pin. At the falling edge of RAS, 
DT/OE and CAS become high to distinguish 
RAM read 
cycle 
from 
transfer 
cycle 
and 
CBR 
refresh 
cycle. 


Address access time (tAA)and RAS to column address 
delay time (tRAO)specifications 
are added to enable 


high-speed 
page mode. 


RAM Write 
Cycle 
(Early 
Write, 
Delayed 
Write, 
Read Modify 
Write) 
(DT/OE high, CAS high, DSF low at the falling edge of 


RAS) 


• 
Normal 
Mode Write Cycle (WE high at the falling 


edge of RAS) 


When CAS and WE are set low after driving 
RAS 


low, a write cycle is executed and lID data is written in 
the selected 
addresses. 
When all 4 lIDs are written, 


WE should 
be high at the falling 
edge 
of RAS to 
distinguish 
normal mode from mask write mode. 


If WE is set low before the CAS falling 
edge, this 
cycle becomes 
an early write cycle and lID becomes 


high impedance. 
Data is entered 
at the CAS falling 


edge. 


If WE is set low after the CAS falling edge, this cycle 


becomes a delayed write cycle. Data is input at the WE 


falling. 
lID does not become 
high impedance 
in this 
cycle, so data should be entered with DE in high. 
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If WE is set low aftertcwo 
(min) and tAwo (min) after 


the CAS falling edge, this cycle becomes a read modify 


write cycle and enables 
read/write 
to execute 
in the 


same address 
cycle. 
In this cycle also, to avoid I/O 


contention, 
data should be input after reading data and 


driving OE high. 


• 
Mask Write Mode (WE low at the falling 
edge of 


RAS) 


If WE is set low at the falling edge of RAS, the cycle 


becomes a mask write mode cycle which writes only to 


selected 
110. Whether or not an 110 is written depends 


on 110 level (mask data) at the falling edge of RAS. 


Then the data is written in high I/O pins and masked in 
low ones and internal 
data is preserved. 
This mask 


data is effective 
during 
the RAS cycle. 
So, in high- 
speed page mode cycle, the mask data is preserved 


during the page access. 


High-Speed 
Page 
Mode 
Cycle 
(DT/OE 
high, CAS 


high, DSF low at the falling edge of RAS) 


High-speed 
page mode cycle reads/writes 
the data 


of the same row address 
at high speed by toggling 


CAS while RAS is low. Its cycle time is one third of the 
random readtwritecycle 
and is higherthanthestandard 


page mode cycle by 70-80 %. This product is based on 


static column 
mode, therefore, 
address 
access time 


(tM), RAS to column 
address 
delay time (tRAO),and 


access time from CAS precharge 
(tACP)are added. In 


one RAS cycle, 512-word 
memory 
cells of the same 


row address 
can 
be accessed. 
It is necessary 
tb 


specify access frequency 
within tRASmax (10 Jls). 


• 
Color 
Register 
Set Cycle 
(CAS'DT/OE'WE 
high, 


DSF high at the falling edge of RAS) 


In color register 
set cycle, color data is set to the 


internal color register used in flash write cycle. 4 bits of 


internal color register 
are provided 
at each I/O. This 


register is composed 
of siatic circuits, so once it is set, 


it preserves the data until reset. The data set is just as 


same as in the usual write cycle except that DSF is set 


high at the falling 
edge of RAS, and early write 
and 


delayed 
write 
cycle 
can be executed. 
In this cycle, 


memory 
array 
access 
is 
not 
executed, 
so 
it 
is 


unnecessary 
to give row and column addresses. 


• 
Flash Write Cycle (CAS'DT/OE 
high, WE low, DSF 


high at the falling edge of RAS) 


In a flash write cycle, a row of data (512 x 4 bit) is 


cleared to 0 or 1 at each I/O according 
to the data of 


color register 
mentioned 
before. 
It is also possible 
to 


mask 110 in this cycle. When CAS'DT/OE 
is set high, 


WE is low, and DSF is high at the falling edge of RAS, 


this cycle starts. Then, the row address to clear is given 
to row address and mask data is to I/O. Mask data is as 
same as that of a RAM write cycle. High I/O is cleared, 
low I/O is not cleared and the internal data is preserved. 


Cycle time is the same as those 
of RAM read/write 


cycles, so all bits can be cleared 
in 1/512 of the usual 


cycle time. 
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Set (1103, 1102, 1101, 


1100) = (1, O. 0,1) 
into 


color 
register. 


Execute 
flash write 


into 1102. 1103 on row 


address 
Xi using 
color 


regislPr. 
(1100, 1101 


are masked.) 


Execute 
flash write 


into 1100. 1101. 1103 


on raN address 
Xi 


using color register. 


(1102 is masked.) 
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Transfer 
Operation 


The 
HM534253 
provides 
the 
special 
read 
initialization 
cycle, special read transfer cycle, pseudo 
transfer cycle, and write transfer cycle as data transfer 
cycles. These transfer cycles are set by driving DT/OE 


low at the falling 
edge of RAS. They have following 
functions: 


(1) Transfer data between row address and SAM data 


register (except for pseudo transfer 
cycle) 
(2) Determine 
direction 
of data transfer 
(a) 
Special 
read initialization 
cycle, 


Special 
read transfer 
cycle: 
RAM -) SAM 


(b) 
Write transfer cycle: 
RAM f- SAM 


(3) Determine 
input or output of SAM 1/0 pin (SilO) 
Special 
read initialization 
cycle: 
SilO output 


Pseudo transfer cycle, write transfer cycle: 


SilO input 
(4) Determine 
first SAM address to access (SAM start 


address) after transferring atcolumn address. When 
SAM start address is not changed, neither CAS nor 
address need to be set because SAM start address 


can be latched internally. 


Special 
Read Initialization 
Cycle (CAS high, DT/OE 
low, WE high, DSF low at the falling edge of RAS) 


If CAS is high, DT/OE is low, WE high, and DSF low 


atthe falling edge of RAS, this cycle becomes a special 
read initialization 
cycle. 
Special 
read initialization 
is 
used (1) to start special read transfer operation and (2) 
to switch SAM inputloutput 
pin (SilO), set in input state 
by pseudo 
transfer 
cycle 
or write transfer 
cycle, 
to 
output state. 


Memory 


Array 


If the clock is set as mentioned 
before, address of 


SAM transfer word line is set to row address and first 
SAM address to access (SAM start address) to column 


address, 
it becomes 
possible 
to execute 
SAM read 
after tSRD(min) after RAS is high. In this cycle, 
SilO 


outputs uncertain 
data after the RAS falling edge. So 
when SAM is in input state before executing this cycle, 


it is necessary 
to stop input before the RAS falling 


edge. 


SAM access 
is inhibited 
while RAS is low in this 
cycle. SC should not be raised during RAS low. 


Special 
Read Transfer 
Cycle (CAS high; DT/OE low, 
WE high, DSF high at the falling edge of RAS) 


Ordinary 
multiport video RAM has some problems; 


(1) severe 
limitation 
on timings 
between 
processor 


clock 
DT/OE 
and 
CRT 
clock 
SC, 
(2) complicated 
external 
control 
circuit 
to detect 
SAM 
last address 


externally 
and to insert transfer cycle synchronously. 
Special read transfer cycle makes it possible to relax 


the timing limitations 
and to set serial clock (SC) and 
transfer cycle perfectly 
synchronously. 


Figure 2 shows the block diagram for a special read 
transfer. 
SAM double 
buffers 
are composed 
of two 
data registers 
(DR). When data is read out from ORO 


serially, special read transfer 
cycle transfers 
a row of 
RAM data, which will be read from SAM next, to DR1. 


The end of data read from ORO is detected internally 


and 
data 
register 
switching 
circuit 
automatically 
switches 
to 
DR1 
output. 
So 
data 
can 
be 
output 
continuously. 
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Figure 
3 shows 
special 
read transfer 
operation 
sequence. 
aSF 
flag indicates 
that reading out from 


data resister 
has finished 
(data register empty flag), 


and special read transfer can be executed while aSF 
is high. AUirst, special read operation starts by executing 
an special read initialization 
cycle. So aSF 
becomes 


high, the processor 
gives row address and SAM start 
address, 
which 
is needed 
next, to the memory, 
and 


inserts 
a special 
read transfer 
cycle. 
Data 
register 


becomes 
full after a special 
read transfer 
cycle, 
so 


aSF 
becomes 
low during 
the cycle. 
When the 
last 


SAM address is accessed, aSF becomes 
high and the 


data register, which outputs from the next SAM address, 
changes, 
and serial access can be executed. 


By executing 
these 
handshakes, 
serial clock and 
transfer 
cycle 
can 
be 
executed 
perfectly 
asyn- 


chronously, 
and flexibility 
of the 
system 
design 
is 


improved. 


~OR1 
-ORO 


RAM ~::v 
SpocioInIOd 'V;;;.~..Read 


/W::~"-.I\••..•IorcycltA....:.~~ite 


'--~Olumn 
aJress 


/.. 
=1 
/ 
_I 
\_ 
) 
I 
Y=511 
Y=i 
1+1 
1+2 
Y=511 
Y=j 
j+1 
-{v\!V'fM'J\fl 


____~X 
OUtpUt from ORO 
~ 
OUtput from oR1 C 


Figure 
3. Special 
Read Transfer 
Operation 
Sequence 


Special read transfer cycle is set by making CAS high, 


DTtOE low, WE high, and DSF high at the falling edge 


of RAS (same as for special 
read initialization 
cycle 


except DSF). Like in other transfer cycles, the address 


olthe word line to transfer into data register is specified 
by row address and SAM start is specified 
by column 


address. 
When the last SAM address data is output, 


the next data is output 
from the SAM start address 


specified by this RAS cycle. This transfer cycle can be 
executed asynchronously 
with SAM cycle. However, it 


is 
necessary 
to 
execute 
SAM 
access 
after 
RAS 


becomes 
high after SAM start address is specified by 


RAS cycle. (See figure 4.) 


Wtipoot 


VIdoo 
RAM 
Opo<ollon 


Cycle 


aSF 
should be high at the falling edge of RAS to 


execute a special read transfer cycle. A cycle whose 
aSF 
is low is neglected 
(refresh is executed). 
When 


the previous transfer cycle is a pseudo transfer or write 


_L 


transfer 
cycle and SilO is in input state, special 
read 


transfer 
cycle 
cannot 
be used 
(neglected). 
Special 


read initialization 
cycle is required 
to switch 
SilO to 
output state. 


Pseudo 
Transfer 
Cycle 
(CAS high, DT/OE low, WE 


low, and SE high at the falling edge of RAS) 


Pseudo transfer t:ycle is available for switching SliD 


from output state to input state because 
data in RAM 
isn't rewritten. This cycle starts when CAS is high, DTI 


DE low, WE low, and ~ 
high, at the falling edge of 


RAS. The output buffer in SilO becomes high impedance 


within 
tSRZ (max) 
from 
the 
RAS falling 
edge. 
Data 
should be input to SilO later than tSIO(min) to avoid data 
contention. 
SAM access becomes 
enabled after tSRD 
(min) after RAS becomes 
high, like in the special read 
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(Special 
read 
transfer 
cyde) 


initialization cycle. In this cycle, SAM access is inhibited 


during RAS low, therefore, 
SC should not be raised. 


Write Transfer 
Cycle (CAS high, DT/OE low, WE low, 
and SE low at the falling edge of RAS) 


Write transfer cycle can transfer a row of data input 


by serial write cycle to RAM. The row address of data 


transferred 
into RAM is determined 
by the address at 
the falling edge of RAS. The column address is specified 


as the first address to serial write after terminating 
this 
cycle. Also in this cycle, SAM access becomes enabled 


aftertsRo (min) after RAS becomes 
high. SAM access 


is inhibited 
during RAS low. In this period, SC should 
not be raised. 


Serial 
Read Cycle 


SAM port is in read mode when the previous data 


transfer 
cycle 
is special 
read 
initialization 
cycle 
or 


special 
read transfer 
cycle. 
Access 
is synchronized 
with SC rising, and SAM data isoutputfrom 
SI/O.When 


the last address 
is accessed 
at the state of QSF low 
(data register is full), it is signaled 
to external circuits 


that special 
read transfer 
is enabled 
by making QSF 
high. Next, after SAM access, output data register 
is 


switched, then the row address data given by previous 
special read transfer cycle is output from the SAM start 
address. 
If special read transfer 
isn't performed 
(QSF 


high), the column address 0 of the same row address 


is accessed 
after the last address 
is accessed. 


Serial 
Write 
Cycle 


If previous 
data transfer 
cycle is pseudo 
transfer 


cycle or write transfer cycle, SAM port goes into write 
mode. In this cycle, SilO data is programmed 
into data 
register 
at the SC rising edge like in the serial read 
cycle. 
If SE is high, SilO data 
isn't input 
into data 


register. 
Internal pointer 
is incremented 
according 
to 
the SC rising edge, so SE high can be used to mask 
data for SAM. 
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RAM Refresh 
RAM, 
which 
is composed 
of dynamic 
circuits, 


requires 
refresh to retain data. Refresh 
is performed 
by accessing 
all512 row addresses every 8 ms. There 


are three refresh cycles: 
(1) RAS-only 
refresh cycle, 


(2) CAS-before-RAS 
(CBR) 
refresh 
cycle, 
and 
(3) 


Hidden refresh cycle. Besides them, the cycles which 
activate 
RAS such as readlwrite 
cycles 
or transfer 


cycles 
can refresh 
the row address. 
Therefore, 
no 


refresh cycle is required for accessing all row addresses 


every 8 ms. 


RAS-Only 
Refresh 
Cycle: RAS-only 
refresh cycle is 


performed by activating only RAS cycle with CAS fixed 
to high by inputting the row address (= refresh address) 
from 
external 
circuits. 
In this cycle, output 
is high- 


impedance 
and power dissipation 
is less than that of 


normal readlwrite cycles because CAS internal circuits 


Absolute 
Maximum 
Ratings 


Item 
Terminal voltage °1 


Power supply voltage 
°1 


Power dissipation 
Operating 
temperature 


Storage temperature 


Note: 
*1. Relative to Vss. 


Symbol 
VT 
Vcc 
Pr 


Topr 
Tstg 


don't 
operate. 
To distinguish 
this 
cycle from 
data 
transfer cycle, DT/OE should be high atthe falling edge 


ofRAS. 


CBR 
Refresh 
Cycle: 
CBR 
refresh 
cycle 
is set by 


activating 
CAS 
before 
RAS. 
In this cycle, 
refresh 
address need not to be input through external circuits 


because it is input through an internal refresh counter. 


In this cycle, output is in high impedance· and power 
dissipation 
is lowered 
like in RAS-only 
refresh cycles 
because CAS circuits don't operate. 


Hidden Refresh Cycle: Hidden refresh cycle performs 


refresh by reactivating 
RAS when 
DT/OE 
and CAS 
keep low in normal RAM read cycles. 


SAM Refresh 
SAM parts (data register, 
shift register, 
selector), 


organized 
as fully static circuitry, don't require refresh. 


Rating 
-1.0 to +7.0 


~.5 
to +7.0 
1.0 
o to +70 
-55 to +125 


Unit 
V 
V 
W 
°C 
°C 


Recommended 
DC Operating Conditions (Ta = 0 to +70°C) 


Item 
Symbol 
Min 
Typ 


Supply voltage 
°1 
Vcc 
4.5 
5.0 


Input high voltage 
°1 
VIH 
2.4 


Input low voltage °1 
Vn. 
~.5°2 


Notes: 
*1. All voltages referenced to Vss. 
*2. -3.0 V for pulse width :5 IOns. 


Max 
Unit 


5.5 
V 


6.5 
V 


0.8 
V 
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HM534253 
Series 


DC Characteristics 
(fa 
= 0 to +70°C. 
Vcc= 
5 V ± 10%, Vss =0 
V) 


HM534253 
HM534253 
HM534253 
Test Conditions 
Item 
Symbol 
-10 
-12 
-15 
Unit 


Min 
Max 
Min 
Max 
Min 
Max 
RAMpart 
SAM part 


Operating 
leCl 
70 
60 
50 
mA 
RAS, CAS 
SC = Vn., SE = VIH 


current 
cycling 


ICC7 
120 
100 
80 
mA 
IRc= Min 
SE =Vn., SC cycling 


tsce=Min 


Standby current 
ICCl 
7 
7 
7 
mA 
RAS,CAS 
SC = Vn., SE = VIH 


=VIH 
Ices 
50 
40 
30 
mA 
SE = VlL. SC cycling 


tscc= 
Min 
RAS-{)nly 
lco 
60 
50 
40 
mA 
RAS cycling 
SC = Vn., SE = VIH 


refresh current 
CAS = VIH 


ICC9 
110 
90 
70 
mA 
IRc= Min 
SE = VlL, SC cycling 


tscc= 
Min 
Page mode 
lea 
65 
55 
45 
mA 
CAS cycling 
SC, SE= VIH 
current 
RAS = VlL 
leClo 
115 
95 
75 
mA 
IRc= Min 
SE = Vn., SC cycling 


tscc= 
Min 
CAS-before- 
Ices 
60 
50 
40 
mA 
RAS cycling 
SC = VlL. SE = VIH 
RAS refresh 
IRc= Min 
current 
lecn 
110 
90 
70 
mA 
SE = Vn., SC cycling 


tscc= 
Min 
Data 
lCOi 
90 
90 
90 
mA 
RAS,CAS 
SC = VlL.SE = VIH 
transfer 
cycling 
current 
ICC1l 
125 
125 
125 
mA 
IRc= Min 
SE = Vn., SC cycling 


tscc= 
Min 
Input leakage 
Iu 
-10 
10 
-10 
10 
-10 
10 
~A 
current 
Output leakage 
Iu> 
-10 
10 
-10 
10 
-10 
10 
~A 
current 
Output high 
VOl! 
2.4 
2.4 
2.4 
V 
IOH=-2 
mA 
voltage 
Output low 
VOL 
0.4 
0.4 
0.4 
V 
10L=4.2mA 
voltage 


capacitance 
(fa 
= 25°C. 
Vcc= 
5 V. f =1 MHz, 
Bias: Clock. 
I/O = Vcc. address 
= Vss) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Address 
CII 
5 
pF 
Clock 
Cll 
5 
pF 
I/O.SI/O 
Cw 
7 
pF 
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Test Conditions 


Input rise and fall time: 
Output 
load: 
Input timing reference 
levels: 


Output timing reference 
levels: 


5 ns 
See figures 
0.8 V, 2.4 V 


0.4 V, 2.4 V 


Note: 
*\. Including scope & jig. 


Common Parameter 


Item 
Symbol 
HM534253-10 
HM534253-12 
HM534253-15 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
Random read or write cycle time 
tRc 
190 
220 
260 
ns 
RAS precharge 
time 
tRP 
80 
90 
100 
ns 


RAS pulse width 
tRAS 
100 
1ססoo 
120 
1ססoo 
150 
10000 
ns 
CAS pulse width 
teAs 
30 
1ססoo 
35 
1ססoo 
40 
1ססoo 
ns 
Row address setup time 
tASR 
0 
0 
0 
ns 
Row address hold time 
tRAH 
15 
15 
20 
ns 
Column address setup time 
lASC 
0 
0 
0 
ns 
Column address hold time 
tCAH 
20 
20 
25 
ns 


RAS to CAS delay time 
tRm 
25 
70 
25 
85 
30 
110 
ns 
-'.-6 


RAS hold time 
tRSH 
30 
35 
40 
ns 
CAS hold time 
tCSH 
100 
120 
150 
ns 
CAS to RAS precharge 
time 
tCRP 
10 
10 
10 
ns 
Transition 
time (rise to fall) 
tr 
3 
50 
3 
50 
3 
50 
ns 
·8 


Refresh period 
!REF 
8 
8 
8 
ms 
TIT to RAS setup time 
loTS 
0 
0 
0 
ns 
DT to RAS hold time 
loTH 
15 
15 
20 
ns 
DSF to RAS setup time 
tsFS 
0 
0 
0 
ns 
DSF to RAS hold time 
tsFH 
25 
25 
30 
ns 
Data-in to up; delay time 
low 
0 
0 
0 
ns 
Data-in 
to CAS delay time 
lozc 
0 
0 
0 
ns 
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HM534253 
series 


Read Cycle (RAM), Page Mode Read Cycle 


Item 
Symbol 
HM534253-10 
HM534253-12 
HM534253-15 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


Access time from RAS 
tRAC 
100 
120 
150 
ns 
$2, -3 


Access time from CAS 
tcAC 
30 
35 
40 
ns 
-3. ·5 


Access time from DE 
toAC 
30 
35 
40 
ns 
"3 


Address access time 
tAA 
45 
55 
70 
ns 
$3. -6 


Output buffer tum-off delay 
toFPI 
0 
25 
0 
30 
0 
40 
ns 
"7 


referenced 
to CAS 


Output buffer tum-off delay 
toFP2 
0 
25 
0 
30 
0 
40 
ns 
"7 


referenced 
to DE 


Read command 
setup time 
tRes 
0 
0 
0 
ns 
Read command 
hold time 
tROI 
0 
0 
0 
ns 
"12 


Read command 
hold time 
lRRH 
10 
10 
10 
ns 
"12 


referenced 
to RAS 


RAS to column address 
tRAn 
20 
55 
20 
65 
25 
80 
ns 
·5. -6 


delay time 
Page mode cycle time 
!Pc 
55 
65 
80 
ns 


CAS precharge 
time 
IcP 
10 
15 
20 
ns 
Access time from CAS precharge 
tACP 
50 
60 
75 
ns 


Write Cycle (RAM), 
Page Mode Write Cycle, Color Register set Cycle 


Item 
Symbol 
HM534253-IO 
HM534253-12 
HM534253-15 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
Write command 
setup time 
twes 
0 
0 
0 
ns 
"9 


Write command 
hold time 
twOl 
25 
25 
30 
ns 
Write command p~lse width 
twP 
15 
20 
25 
ns 
Write command 
to RAS lead time 
tRWL 
30 
35 
40 
ns 


Write command 
to CAS lead time 
tcWL 
30 
35 
40 
ns 
Data-in setup time 
tos 
0 
0 
0 
ns 
"10 


Data-in hold time 
toH 
25 
25 
30 
ns 
"10 


WE to RAS setup time 
tws 
0 
0 
0 
ns 
WE to RAS hold time 
twH 
15 
15 
20 
ns 
Mask data to RAS setup time 
tMs 
0 
0 
0 
ns 
Mask data to RAS hold time 
tMH 
15 
15 
20 
ns 
DE hold time referenced 
to WE 
toEH 
10 
15 
20 
ns 


Page mode cycle time 
!Pc 
55 
65 
80 
ns 
CAS precharge 
time 
tCP 
10 
15 
20 
ns 
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HM534253 
series 


Read-Modify-Write 
Cycle 


Item 
Symbol 
HM534253-10 
HM534253-12 
HM534253-15 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
Read-modify-write 
cycle time 
!RWC 
255 
295 
350 
ns 


RAS pulse width 
!RWS 
165 
1ססoo 
195 
1ססoo 
240 
10000 
ns 


CAS to WE delay 
tcwo 
65 
75 
90 
ns 
·9 


Column address to WE delay 
tAWO 
80 
95 
120 
ns 
·9 


DE to data-in delay time 
tOOO 
25 
30 
40 
ns 


Access time from RAS 
!RAC 
100 
120 
150 
ns 
-2,-3 


Access time from CAS 
!CAC 
30 
35 
40 
ns 
-3,-5 


Access time from DE 
toAC 
30 
35 
40 
ns 
·3 


Address access time 
tAA 
45 
55 
70 
ns 
-3,-6 


RAS to column address delay 
!RAD 
20 
55 
20 
65 
25 
80 
ns 
-5,-6 


Output buffer tum-off delay 
tom 
0 
25 
0 
30 
0 
40 
ns 
referenced 
to DE 
Read command 
setup time 
!Res 
0 
0 
0 
ns 
Write command 
to RAS lead time 
!RWL 
30 
35 
40 
ns 
Write command 
to CAS lead time 
tCWL 
30 
35 
40 
ns 
Write command 
pulse width 
twp 
15 
20 
25 
ns 
Data-in setup time 
IDS 
0 
0 
0 
ns 
·10 


Data-in hold time 
IDH 
25 
25 
30 
ns 
·10 


WE to RAS setup time 
tws 
0 
0 
0 
ns 
WE to RAS hold time 
twH 
15 
15 
20 
ns 
Mask data to RAS setup time 
tMs 
0 
0 
0 
ns 
Mask data to RAS hold time 
tMH 
15 
15 
20 
ns 
DE hold time referenced 
to WE 
toEH 
IO 
15 
20 
ns 


Refresh 
Cycle 


Item 
Symbol 
HM534253-10 
HM534253-12 
HM534253-15 
Unit 
Note 
Min 
Max 
Min 
Max 
Min 
Max 
CAS setup time 
tCSR 
10 
10 
IO 
ns 
(CAS-before-RAS 
refresh) 


CAS hold time 
teHR 
20 
25 
30 
ns 
(CAS-before-RAS 
refresh) 
RAS precharge 
to CAS hold time 
I:RPc 
10 
10 
IO 
ns 


~HITACHI 


554 
Hitachi America, Ltd.• 
Hitachi Plaza· 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 


HM534253 
series 


Transfer 
Cycle 


Item 
Symbol 
HM534253-1O 
HM534253-12 
HM534253-15 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


WE to RAS setup time 
tws 
0 
0 
0 
ns 
WE to RAS hold time 
twH 
15 
15 
20 
ns 
SE to RAS setup time 
lEs 
0 
0 
0 
ns 


SE to RAS hold time 
lEH 
15 
15 
20 
ns 


RAS to SC delay time 
ISRD 
25 
30 
35 
ns 
SC to RAS setup time 
ISRS 
30 
40 
45 
ns 
RAS to QSF delay time 
tRQD 
100 
120 
150 
ns 
•• 


RAS" to QSF (high) delay time 
tRQH 
TBD 
TBD 
TBD 
ns 
Serial data input delay time 
ISID 
50 
60 
75 
ns 
fromUS 
Serial data input to RAS 
ISZR 
10 
10 
10 
ns 
delay time 


Serial output buffer turn-off 
ISRZ 
10 
50 
10 
60 
10 
75 
ns 
'7 


delay from RAS 


RAS to Sout (Low-Z) delay time 
tRLz 
5 
10 
10 
ns 
Serial clock cycle time 
ISee 
30 
40 
60 
ns 
Access time from SC 
ISCA 
30 
40 
50 
ns 
.. 


Serial data out hold time 
ISOH 
7 
7 
7 
ns 
•• 


SC pulse width 
ISc 
10 
10 
10 
ns 
SC precharge 
width 
IScp 
10 
10 
10 
ns 
Serial data-in setup time 
ISIS 
0 
0 
0 
ns 
Serial data-in hold time 
ISm 
15 
20 
25 
ns 


serial 
Read Cycle 


Item 
Symbol 
HM534253-1O 
HM534253-12 
HM534253-15 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
Serial clock cycle time 
ISce 
30 
40 
60 
ns 
Access time from SC 
ISCA 
30 
40 
50 
ns 
.. 


Access time from SE 
ISEA 
25 
30 
40 
ns 
.. 


Serial data-out hold time 
ISOH 
7 
7 
7 
ns 
.. 


SC pulse width 
ISc 
10 
10 
10 
ns 
SC precharge 
width 
IScp 
10 
10 
10 
ns 


Serial output buffer turn-off 
tsEZ 
0 
25 
0 
25 
0 
30 
ns 
'7 


delay from SE 


Last SC to QSF delay time 
ISQD 
TBD 
TBD 
TBD 
ns 
•• 
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HM534253 
series 


serial 
Write Cycle 


Item 
Symbol 
HM534253-10 
HM534253-12 
HM534253-15 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


Serial 
clock 
cycle 
time 
tsee 
30 
40 
60 
ns 


SC pulse 
width 
tsc 
10 
10 
10 
ns 


SC precharge 
width 
tsCP 
10 
10 
10 
ns 


Serial 
data-in 
setup 
time 
tsIS 
0 
0 
0 
ns 


Serial 
data-in 
hold 
time 
tslH 
15 
20 
25 
ns 


Serial 
write 
enable 
setup 
time 
tsws 
0 
0 
0 
ns 


Serial 
write 
enable 
hold 
time 
tsWH 
30 
35 
50 
ns 


Serial 
write 
disable 
setup 
time 
tsWIS 
0 
0 
0 
ns 


Serial 
write 
disable 
hold 
time 
tsWlH 
30 
35 
50 
ns 


Flash Write Cycle 


Item 
Symbol 
HM534253-10 
HM534253-12 
HM534253-15 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


Flash 
write 
cycle 
time 
lRCFW 
230 
265 
310 
ns 


RAS 
pulse 
width 
lRCSFW 
140 
165 
200 
ns 
WE to RAS 
setup 
time 
tws 
0 
0 
0 
ns 
WE to RAS 
hold 
time 
twH 
15 
15 
20 
ns 


CAS 
high 
level 
hold 
time 
tCl-lHR 
20 
25 
30 
ns 


referenced 
to RAS 


Mask 
data 
to RAS 
setup 
time 
lMs 
0 
0 
0 
ns 


Mask 
data 
to RAS 
hold 
time 
lMH 
15 
15 
20 
ns 


Notes: 
*1. AC measurements 
assume 
tT = 5 ns. 
*Z. Assume 
that tRa> S tRa> (max) and IRADS tRAD (max). 


If tRa> or lRADis greater 
than the maximum 
recommended 
value shown in this table, tRAC exceeds 
the value shown. 
*3. Measured 
with a load circuit equivalent 
to Z TILloads 
and 100 pF. 
*4. Measured 
with a load circuit equivalent 
to Z TILloads 
and 50 pF. 
*5. When tRa> ~ tRa> (max) and tRADS IRAD(max), access time is specified 
by tCAC. 
*6. When tRa> S tRa> (max) and tRAD ~ IRAD(max), access time is specified 
by tAA. 
*7. tOFF (max) is defined 
as the time at which the output achieves 
the open circuit condition 
(VOH-ZOO mV, VOL+ZOOmY). 
*S. Vnt (min) and VIL (max) are reference 
levels for measuring 
timing of input signals. Transition 
times are measured 
between 
VlH and VIL. 


*9. When twcs~ 
twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 
condition. 


When tAWD~ tAWD (min) and tCWO~ tcwo (min), the cycle is a read-modify-write 
cycle; the data of the selected 
address 
is read out from a data out pin and input data is written 
into the selected 
address. 
In this case, impedance 
on I/O pins is 
controlled 
by OE. 
*10. These parameters 
are referenced 
to CAS falling edge in early write cycles or to WE falling edge in delayed 
write or read- 
modify-write 
cycles. 
*11. After power-up, 
pause for I00 ~ or more and execute at least Sinitialization 
cycles (normal memory 
cycles or refresh cycles), 
then start operation. 
*IZ. If either tRCHor tRRft is satisfied, 
operation 
is guaranteed. 
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I/O 


(Input) 


I/O 


(Output) 


Note: 
*1. When WE is high level, aU the data on I/Os can be written into the memory 
cell. When WE is low level, the data on I/Os are 
not written 
except for the case that the I/O is high at the falling edge of RAS. 
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RAS" 


CAS 


Address 


we: 


Of/at 


I/O 


(Input) 


I/O 


(Oulput) 
tSFH 


OSF 


Note: 
*1. When WE is high level, all the data on I/Os can be wriuen into the memory 
cell. When WE is low level, the data on I/Os are 


not wrillen except for the case that the I/O is high at the falling edge of RAS. 


I/O 


(Input) 


I/O 


(Output) 


Note: 
*1. When WE is high level, all the data on I/Os can be wrillen into the memory 
cell. When WE is low level, the data on I/Os are 
not wrillen 
except for the case that the I/O is high at the falling edge of RAS. 
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I/O 
(Output) 


I/O 
(Input) 


Note: 
·1. When WE i. high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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Note: 
·1. 
When WE is high level, all the data on I/Os can be written into the memory 
cell. When WE is low level, the data on I/Os are 
not written 
except for the case that the I/O is high at the falling edge of RAS. 


I/O 


(Input) 


I/O 
(Output) 
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Address W/I/I/I//////////// 1/////$////////;0 


wr 
1/////$$/$$//1/11/$$/$#..-0 


(I~~~t) 
W#//ff$#$I/////$////////$////4 


nT/at 
/$f$$$ffi'#///j$/!$$$.$ 


OSF 
WI&/////$////////M//$M/J 


I/O 
High-Z 


(Output) 
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~ 
: Don't 
care 


~ 
: Inhibit 
rising 
transient 


I/O : Don't care 


Notes: 
*\. 
When the previous 
data transfer cycle is a special read transfer cycle or special read initialization 
cycle, it is specified 
as special 
read initialization 
cycle (I), 
*2. 
SE is in low level. (When SE is high, SilO becomes 
high impedance 
state.) 
*3. CAS and SAM start address 
don't need to be specified 
every cycle, if SAM start address 
is not changed. 


Special 
Read Initialization 
Cycle (2) ", '2 


t" 


llAS" 


m 


Address 


WE" 


QSF 


ll'f/OC 


SC 


~ 
: Don't 
care 


~ 
: Inhibit 
rising 
transient 


I/O 
: Don't 
care 


Notes: 
*1. When the previous 
data transfer cycle is a write or pseudo transfer cycle, it is specified 
as special read initialization 
cycle (2). 


*2. SE is in low level. (When SE is high, SilO becomes 
high impedance 
state.) 
*3. CAS and SAM start address 
don't need to be specified 
every cycle, if SAM start address 
is not changed. 
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RAS 


CAS" 


Address 


Vir: 


I/O 
(Output) 


I/O 


(Input) 


~ 


SC 


51/0 
(Output) 


51/0 
(Input) 
tlllOO 


QSF 
tlf, 
tU" 


DSF 


Notes: 
·1. 
When QSF is low level at the falling edge of RAS,the 
special 
read transfer 
cycle is not performed. 


·2. 
SE is in low level. (When SE is high, SIlO becomes 
high impedance 
state.) 
·3. 
CAS and SAM start address 
don't 
need to be specified 
eve!}' cycle, if SAM start address 
is not changed. 
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" 
tltAI 
~~ 


~tltC:O 
I'H-----t 
~Cll' 
~tc:AI 
.. 
r :wt,,'lC 
teAM 
I 


'll 
~ 
SAM Start 
Address 


I•• 
tel" 


'lJl. 
I•• 


to,. 
tOTH 
I 
'/}/ 


I 


~l 
•• 
I,. 


l!i 
.1 
tuo 
t Ice 


s~ 
~l'''- 
.-- 


t'IO 
t ••, 
il 
tltH 
1'----1 


Valid 
Sin ~/IX 


l'OM 
tlllZ 
1 
. 
t"QO 
't 
I 


~ 
: Don't 
care 


~ 
: Inhibit 
rising 
transient 


I/O: 
Don't care 


SI/o 


(Input) 


'lIIlJ: Don't care 
Il22i : Inhibit rising transient 
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~ 
7777777777777777777777~77777777 


f§g 
7777777777777ZZZZZZZZ~~7ZZ7ZZZZI 


Notes: 
01. When SE is high level in a serial write cycle, data is not written into SAM, however, 
the pointer 
is incremented. 
°2. 
Address 
0 is accessed 
next to address 
511. 
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Note 
*1. 
Address 
(i) is the SAM start address provided 
in the previous 
special read transfer cycle. When special read transfer cycle isn't 
executed 
(QSF remains 
in high level), address 
0 is accessed 
next to address 
511. 


I"" 


lOA. 


~ 
I •• 
te.,. 


I CA' 


CAS 


wr- 


I/O 
(Inpul) 


toys 
tDT" 


lYl'/l5£" 


DSF 


Address 
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l1AS 
tC"1" 


CAS 


WE 


I/O 


(Input) 


DT/OE 
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I/O 
(Input) 
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HM538121 JP/ZP-1 0/12/15 - Preliminary 


131,072 x 8-Bit Multipart 
CMOS Video Random Access Memory 


• 
DESCRIPTION 


The HM538121 is a 1-Mbit multiport 
video RAM equipped 
with a 


128-kword 
x 8·bit dynamic 
RAM and a 256-word 
x 8-bit SAM (serial 


access 
memory). 
Its RAM and 
SAM 
operate 
independently 
and 


asynchronously. 
It can transfer data between RAM and SAM and has 


a write mask function. 
It is suitable 
for a graphic 
processing 
buffer 


memory. 


• 
FEATURES 


• Multiport 
Organization 
Asynchronous 
and Simultaneous 
Operation 
of RAM 


and SAM Capability 
RAM 
128-kword 
x 8-Bit 


SAM 
256-word 
x 8-Bit 


• Access Time 
RAM: 100/120/150ns 
(max.) 
SAM: 30/40/50ns 
(max.) 
• Cycle Time 
RAM: 190/220/260ns 
(min.) 
SAM: 30/40/60ns 
(min.) 
• Low Power 
Active 
RAM: 385mW (max.) 
SAM: 275mW (max.) 


Standby. 
. . . . . . . . . . . . . . . 
40mW (max.) 
• High Speed Page Mode Capability 
• Mask Write Mode Capability 
• Bidirectional 
Data Transfer 
Cycle Between 
RAM and 


SAM Capability 
• Real Time Read Transfer 
Capability 


• 3 Variations 
of Refresh (8ms/512 
Cycles) 


RAS-Only 
Refresh 
CAS-Before-RAS 
Refresh 


Hidden 
Refresh 


• TTL Compatible 


Part No. 


HM538l21JP-1O 
HM538l21JP-12 
HM538l21JP-15 


Access 


lOOns 
l20ns 
l50ns 


Package 


4oo-mil 40-pin 
Plastic SO] 
(CP-40D) 


SC 


SI/Oo 


SII01 


SI/02 


SI/03 


OTiOE 


1/00 


1/01 


1/02 


1/03 


VCC1 


WE 


NC 


RAS 


NC 


As 


Ae 


As 


A4 


VCC2 


VSS1 


SI/07 


SI/Oe 


SI/Os 


SI/04 


SE 


1/07 


I/Oe 


1105 


1/04 


VSS2 


NC 


NC 


CAS 


NC 


Ao 


A1 


A2 


A3 


A7 


Pin Name 
Function 


Ao-Ag 
Address 
Inputs 


I10o-I/O? 
RAM Port Data 
Inputs/Outputs 


SI/Oo-SIIO? 
SAM Port Data 
Inputs/Outputs 


RAS 
Row Address 
Strobe 


CAS 
Column 
Address 
Strobe 


WE 
Write 
Enable 


DT/OE 
Data Transfer/ 
Output 
Enable 


SC 
Serial Clock 


SE 
SAM Port Enable 


Vcc 
Power Supply 


Vss 
Ground 


NC 
Non Connection 
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Memory 


Array 


RAS (input pin): RAS is a basic RAM signal. 
It is 


active 
in low level and standby 
in high level. Row 


address and signals as shown in table 1 are input at 
the falling edge of RAS. The input level of those sig- 
nals determine 
the operation 
cycle ofthe 
HM538121. 


Input Level at the Falling 


Edge ofRAS 
Operation 
Cycle 


CAS 
DT/OE 
WE 
SE 


H 
H 
H 
X 
RAM Read/Write 
H 
H 
L 
X 
Mask Write 
H 
L 
H 
X 
Read Transfer 
H 
L 
L 
H 
Pseudo Transfer 


H 
L 
L 
L 
Write Transfer 


L 
X 
X 
X 
CBR Refresh 


CAS (input pin): Column address is put into chip 


at the falling 
edge of CAS. CAS controls 
output 


impedance 
of I/O in RAM. 


Ao-A8 (input pins): Row address 
is determined 


by Ao-A8 level at the falling edge of RAS. Column 
address 
is determined 
by Ao-A7 level at the falling 


edge of CAS. In transfer cycles, row address is the 
address on the word line which transfers 
data with 


SAM data register, and column address is the SAM 
start address after transfer. 


WE (input pin): WE pin has two functions 
at the 


falling 
edge of RAS and after. When WE is low at 


SAM 


fiT/BE 


511 


Pointer 
~ 01 
~ 
c 
~ 
••• 
E 
••• 
" 
::> 
" 
a: 


8 
a: 
;; 


1i 
z: 
'" 
0 


From 
Column 
Address 
(SAM Start 
Address) 


the falling 
edge of RAS, the HM538121 
turns 
to 


mask write mode. According 
to the I/O level at the 


time, write on each I/O can be masked. (WE level at 
the falli!!9...edge of RAS is don't care in read cycle.) 
When 
WE is high at the falling 
edge 
of RA~ 


normal 
write 
cycle 
is executed. 
After 
that, 
WE 


switches 
read/write 
cycles as in a standard 
DRAM. 


In a transfer 
~e, 
the 
direction 
of transfer 
is 


determined 
by WE level at the falling edge of RAS. 


When WE is low, data is transferred 
from SAM to 


RAM (data is written 
into RAM), and when WE is 


high, data is transferred 
from RAM to SAM (data is 


read from RAM). 


1/00-1/07 (input/output 
pins): I/O~ 
function 


as mask data at the falling 
edge of RAS (in mask 


write mode). Data is written 
only on high I/O pins. 


Data on low I/O pins are masked and internal 
data 


are 
retained. 
After 
that, 
they 
function 
as 


input/output 
pins as those of a standard 
DRAM. 


DT/OE (input pin): DT/OE pin functions 
as DT 


~ta 
transfer) 
pin at the falling edge of RAS and as 


DE (output enable) pin after that. When 
DT is low 


at the falling 
edge of...B..AS,this cycle 
becomes 
a 


transfer 
cycle. When DT is high at the falling edge 


of RAS, RAM and SAM operate 
independently. 


SC (input 
pin): SC is a basic SAM clock. 
In a 


serial read cycle, data is output 
from an SilO pin 


synchronously 
with 
the 
rising 
edge 
of SC. 
In a 


serial write cycle, data on an SliD pin at the rising 
edge of SC is put into the SAM data register. 


SE (input pin): SE pin activates 
SAM. When SE 


is high, SI/O is in the high impedance 
state in serial 


read cycle and data on SI/O is not ~ 
into the SAM 


data register 
in serial write cycle. SE can be used 


as a mask for serial write because 
internal 
pointer 


is incremented 
at the rising edge of SC. 
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SI/Oo-SI/07 
(input/output 
pins): SilOs are input/ 
output 
pins in SAM. Direction 
of inputloutput 
is de- 
termined 
by the previous transfer cycle. When it was 
a read transfer cycle, SilO outputs data. When it was 
a pseudo transfer 
cycle or write transfer 
cycle, SilO 
inputs data. 


OPERATION 
OF HM538121 


Operation 
of RAM Port 


RAM Read cycle (DT/OE 
high, CAS high, at the fail- 
ing edge of RAS) 


Row address 
is entered 
at the RAS falling 
edge 
and column 
address 
at the CAS falling 
e~ 
to the 
device as in standard 
DRAM. Then, when WE is high 
and DT/OE 
is low while 
CAS is low, the selected 
address data ~~ut 
through 
110 pin. At the falling 
edge of RAS, DT/OE 
and CAS become high to distin- 


guish RAM read cycle from transfer 
cycle and CBR 


refresh cycle. Address access time (tAA) and RAS to 
column 
address delay time (tRAD)specifications 
are 
added to enable high-speed 
page mode. 


RAM 
Write 
Cycle 
(Early-Write, 
Delayed 
Write, 
Read-Modify-Write) 
(DT/OE 
high, CAS high at the 


falling 
edge of RAS) 


• Normal 
Mode Write Cycle (WE high at the falling 
edge of RAS) 


When CAS and WE are set low after RAS is set 
low, a write cycle is executed 
and I/O data is written 
at the selected 
addresses. 
When all 8 I/Os are writ- 


ten, WE should be high at the falling edge of RAS to 
distinguish 
normal mode from mask write mode. 


If WE is set low before the CAS falling edge, this 


cycle becomes an early write cycle and I/O becomes 
high impedance. 
Data is entered 
at the CAS falling 
edge. 


If WE is set low after the CAS falling 
edge, this 
cycle becomes a delayed write cycle. Data is input at 
the WE falling edge. I/O does not become high impe- 
dance in this CYCle, so data should 
be entered with 
OE in high. 


If WE is set low after tCWD(min.) and tAwD (min.) 
after the CAS falling 
edge, 
this cycle 
becomes 
a 


read-modify-write 
cycle and enables write after read 


to execute 
in the same address 
cycle. 
In this cycle 
also, to avoid I/O contention, 
data should 
be input 
after reading data and setting OE high. 


• Mask Write Mode (WE low at the falling 
edge of 
RAS 


If WE is set low at the falling 
edge of RAS, the 
cycle 
becomes 
a mask 
write 
mode 
cycle 
which 
writes only to selected 
I/O. Whether 
or not an I/O is 
written depends on I/O level (mask data) at the falling 
edge of RAS. Then the data is written in high I/O pins 
and masked 
in low ones and internal 
data is pre- 


served. 
This mask data is effective 
during 
the RAS 
cycle. So, in high-speed 
page mode cycle, the mask 
data is preserved 
during the page access. 


High-Speed 
Page Mode Cycle (DT/OE 
high, CAS 
high at the falling edge of RAS) 


High-speed page mode cycle readslwrites the data 
of the same row address at high speed by toggling CAS 
while RAS is low. Its cycle time is one third of the ran- 
dom readlwrite cycle and is higher than the standard 
page mode cycle by 70-80%. 
This product is based on 
static column 
mode, therefore, 
address access time 
(tM>, RAS to colu~ 
address delay time (tRAD), and 
access time from CAS precharge (tACP)are added. In 
one RAS cycle, 256-word memory cells of the same row 
address can be accessed. 
It is necessary to specify 


access frequency within tRASmax. (10 p.s). 


• Transfer Operation 


HM538121 
provides 
the 
read 
transfer 
cycle, 


pseudo 
transfer 
cycle, 
and write transfer 
cycle 
as 
data transf~cles. 
These transfer cycles are set by 


driving 
DT/OE 
low at the falling edge of RAS. 


They have following 
functions: 


(1) Transfer data between 
row address 
and SAM 


data 
register 
(except 
for 
pseudo 
transfer 
cycle) 


(2) Determine 
direction 
of data transfer 
(a) Read transfer 
cycle: 
RAM 
-+ SAM 
(b) Write transfer 
cycle: 
RAM 
+-- SAM 


(3) Determine input or output of SAM I/O pin (SI/O) 


Read transfer 
cycle: 
SI/O output 


Pseudo 
transfer 
cycle, 
write 
transfer 
cy- 


cle: 
SI/O input 


(4) Determine 
first SAM address to access (SAM 
start address) after transferring 
at column 
ad- 


dress. 
When 
SAM 
start 
address 
is 
not 
changed, 
neither CAS nor address need to be 


set because SAM start address can be latched 
internally. 


Read Transfer 
Cycle 
(CAS high, 
DT/OE 
low, WE 
high at the falling edge of RAS) 


_This 
cycle becomes 
read transfer cycle by setting 


DT/OE 
low and WE high at the falling edge of RAS. 


The row address 
data (256 
x 8 bit) determined 
by 


thi~cle 
is transferred 
synchrono~~the 
rising 


of DT/OE. 
After the rising edge of DT/OE, 
the new 


address 
data outputs 
from SAM start address 
de- 


cided by column 
address. 


This cycle can execute SAM access serially even 


during transfer (real time read transfer). 
In this case, 


the timing 
tSDD (min.) is specifie.QJ>etween 
the last 


SAM access before transfer and DT/OE 
rising edge, 


and-..!soH (min.) between 
the first SAM access 
and 


DT/OE 
rising edge (see figure 
1). 
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x~ 
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If read transfer 
cycle is executed, 
SI/O becomes 
output state. When the previous transfer 
cycle is ei- 
ther pseudo transfer cycle or write transfer cycle and 
SI/O is in input state, uncertain 
data is output 
after 


tRLZ (min.) after the RAS falling 
edge. 
Before that, 


input should 
be set high impedance 
to avoid data 
contention. 


Pseudo 
Transfer 
Cycle (CAS high, DT/OE low, WE 


low, and SE high at the falling edge of RAS) 


Pseudo 
transfer 
cycle 
is available 
for switching 
SliD from output state to input state because data in 
RAM isn't rewritten. 
This cycle starts when CAS is 
high, DT/OE low, WE low, and SE high, at the falling 
edge of RAS. The output 
buffer 
in SliD 
becomes 
high impedance 
within tsRz (max.) from the RAS fail- 


ing edge. Data should be input to SliD later than tSID 
(min.) 
to avoid 
data contention. 
SAM 
access 
be- 


comes enabled 
after tSRD(min.) after RAS becomes 
high. 
In this cycle, 
SAM access 
is inhibited 
during 
RAS low, therefore, 
SC should 
not be raised. 


Write 
Transfer 
Cycle 
(CAS high, 
DT/OE 
low, WE 
low, and SE low at the falling 
edge of RAS) 


Write transfer 
cycle 
can transfer 
a row of data 


input by serial write cycle to RAM. The row address 
of data transferred 
into RAM is determined 
by the 
address 
at the falling edge of RAS. The column 
ad- 
dress is specified 
as the first address to serial write 
after terminating 
this cycle. Also in this cycle, SAM 
access becomes 
enabled after tSRD(min.) after RAS 
becomes 
high. SAM access is inhibited 
during 
RAS 
low. In this period, 
SC should 
not be raised. 


• 
SAM PORT OPERATION 


• Serial 
Read Cycle 


SAM port is in read mode when the previous data 


transfer 
cycle is read transfer 
cycle. Access is syn- 


chronized 
with SC rising, 
and SAM data is output 


from SliD. If SE is set high SliD becomes 
high impe- 


dance and internal pointer is incremented 
at the SC 


rising edge. 


• Serial 
Write Cycle 


If previous data transfer cycle is pseudo transfer 
cycle or write transfer cycle, SAM port goes into write 
mode. In this cycle, SliD data is programmed 
into data 
register at the SC rising edge like in the serial read 
cycle. If SE is high, SliD data isn't input into data regis- 
ter. Internal pointer is incremented according to the SC 
rising edge, so SE high can mask data for SAM. 


• 
REFRESH 


• RAM Refresh 


RAM, which is composed 
of dynamic 
circuits, 
re- 


quires refresh to retain data. Refresh is performed 
by 


accessing 
all 512 row addresses 
every 8 ms. There 
are three refresh cycles: (1) RAS-only refresh cycle, 
(2) CAS-before 
RAS (CBR) refresh cycle, and (3) Hid- 
den refresh cycle. 
Besides 
them, the cycles 
which 
activate 
RAS such as read/write 
cycles 
or transfer 


cycles 
can refresh the row address. 
Therefore, 
no 
refresh 
cycle 
is required 
for accessing 
all row ad- 
dresses every 8 ms. 


RAS-Only 
Refresh 
Cycle: RAS-only 
cycle is per- 


formed by activating 
only RAS cycle with CAS fixed 
to high by inputting 
the row address 
( = refresh ad- 


dress) from external 
circuits. 
In this cycle, output 
is 


high-impedance 
and power dissipation 
is less than 


that of normal read/write 
cycles because 
CAS inter- 


nal circuits 
don't 
operate. 
To distinguish 
this cycle 
from data transfer 
cycle, 
DT/OE should 
be high at 


the falling edge of RAS. 


CBR Refresh Cycle: CBR refresh cycle is set by 


activating 
CAS before RAS. In this cycle, refresh ad- 
dress need not to be input through 
external 
circuits 


because 
it is input 
through 
an 
internal 
refresh 


counter. 
In this cycle, 
output 
is in high impedance 
and power 
dissipation 
is lowered 
like in RAS-only 


refresh cycles because 
CAS circuits 
don't operate .. 


Hidden Refresh Cycle: Hidden refrest.!.9cle 
per- 


forms refresh by reactivating 
RAS when DT/OE and 


CAS keep low in normal 
RAM read cycles. 


SAM parts (data register, shift register, selector), or- 


ganized as fully static circuitry, don't require refresh. 
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• 
ABSOLUTE 
MAXIMUM 
RATINGS 


Item 
Symbol 
Rating 
Unit 


Terminal Voltage(l) 
VT 
-1.0 to +7.0 
V 


Power Supply Voltage(l) 
Vcc 
-0.5 to +7.0 
V 


Power Dissipation 
PT 
1.0 
W 


Operating 
Temperature 
Topr 
o to +70 
°C 


Storage Temperature 
Tsto 
-55 to + 125 
°C 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Supply Voltage(l) 
Vcc 
4.5 
5.0 
5.5 
V 


Input High Voltage(l) 
VIH 
2.4 
- 
6.5 
V 


Input Low Voltage(l) 
V1L 
-0.5(2) 
- 
0.8 
V 


I. All voltages referenced 
to Vss. 


2. -3.0V 
for pulse width,;; 
IOns. 


Test Conditions 
HM538121-10 
HM538121-12 
HM538121-15 
Item 
Symbol 
Unit 


RAM Pon 
SAM Pon 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Icci 
SC, SE = V1H 
- 
70 
- 
60 
- 
50 
mA 


Operating Current 
RAS, CAS Cycling 


SE = V1L,SC Cycling 
1cC7 
tRC = Min. 
lsec = Min. 
- 
120 
- 
100 
- 
80 
mA 


Icc2 
SC, SE = V,H 
- 
7 
- 
7 
- 
7 
mA 


Standby Current 
Icc, 


RAS. CAS = V,H 
SE = VIL' SC Cycling 
50 
40 
30 
mA 


tscc = Min. 
- 
- 
- 


ICC] 
RAS Cycling 
SC, SE = V1H 
- 
60 
- 
50 
- 
40 
mA 
RAS-Only Refresh 
Current 
Iceo 


CAS = VIH 
SE = VIL, SC Cycling 
110 
90 
70 
mA 
tRe = Min. 
lsec = Min. 
- 
- 
- 


Icc. 
CAS Cycling 
SC, SE = V,H 
- 
65 
- 
55 
- 
45 
mA 


Page Mode Current 


ICCK> 


RAS = V1LtRC = 
SE = VIL' SC Cycling 
115 
95 
75 
mA 
Min. 
tsee = Min. 
- 
- 
- 


Icc, 
SC. SE = V,H 
- 
60 
- 
50 
- 
40 
mA 
CAS- Before- RAS Refresh 
RAS Cycling 
Current 
Iccli 
tRC = Min. 
SE = V1L•SC Cycling 
- 
110 
- 
90 
- 
70 
mA 
tsee = Min. 


Icc6 
SC, SE = V,H 
- 
90 
- 
90 
- 
90 
mA 


Data Transfer Current 
RAS. CAS Cycling 


SE = V,L, SC Cycling 
1cc'2 
IRC= Min. 


tsee = Min. 
- 
125 
- 
125 
- 
125 
mA 


Input Leakage Current 
III 
-10 
10 
-10 
10 
-10 
10 
p.A 


Output Leakage Current 
ILa 
-10 
10 
-10 
10 
-10 
10 
p.A 


Output High Voltage 
VOH 
IOH= -2mA 
2.4 
- 
2.4 
- 
2.4 
- 
V 


Output Low Voltage 
VOL 
IoL = 4.2mA 
- 
0.4 
- 
0.4 
- 
0.4 
V 
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Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Address 
CII 
- 
- 
5 
pF 


Clocks 
CI2 
- 
- 
5 
pF 


1/0, SIlO 
CliO 
- 
- 
7 
pF 


• 
AC CHARACTERISTICS 
(Ta = 0 to 70°C, 
Vcc = 5V ± 10%, Vss = OV) (I). (II) 


• Test Conditions 


• Input Rise and Fall Time: 5ns 
• Output Load: See Figures 


• Input Timing Reference 
Levels: 0.8V, 2AV 


• Output Timing Reference 
Levels: OAV, 2AV 


I 


SOPF 


" 


HM538121-10 
HM538121-12 
HM538121-15 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Random Read or Write Cycle Time 
tRC 
190 
- 
220 
- 
260 
- 
ns 


RAS Precharge 
Time 
tRP 
80 
- 
90 
- 
100 
- 
ns 


RAS Pulse Width 
tRAS 
100 
1ססoo 
120 
1ססoo 
150 
1ססoo 
ns 


CAS Pulse Width 
teAS 
30 
1ססoo 
35 
1ססoo 
40 
1ססoo 
ns 


Row Address Setup Time 
tASR 
0 
- 
0 
- 
0 
- 
ns 


Row Address Hold Time 
tRAH 
15 
- 
15 
- 
20 
- 
ns 


Column Address Setup Time 
tASC 
0 
- 
0 
- 
0 
- 
ns 


Column Address Hold Time 
teAH 
20 
- 
20 
- 
25 
- 
ns 


RAS to CAS Delay Time 
tRCO 
25 
70 
25 
85 
30 
110 
ns 
5,6 


RAS Hold Time 
tRSH 
30 
- 
35 
- 
40 
- 
ns 


CAS Hold Time 
tCSH 
100 
- 
120 
- 
150 
- 
ns 


CAS to RAS Precharge 
Time 
teRP 
10 
- 
10 
- 
10 
- 
ns 


Transition Time (Rise to Fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
8 


Refresh Period 
tREF 
- 
8 
- 
8 
- 
8 
ms 


DT to RAS Setup Time 
tOTS 
0 
- 
0 
- 
0 
- 
ns 


DT to RAS Hold Time 
tOTH 
15 
- 
15 
- 
20 
- 
ns 


Data-In to OE Delay Time 
tozo 
0 
- 
0 
- 
0 
- 
ns 


Data-In to CAS Delay Time 
tozc 
0 
- 
0 
- 
0 
- 
ns 
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HM538121-10 
HM538121-12 
HM538121-15 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Access Time From RAS 
tRAC 
- 
100 
- 
120 
- 
150 
ns 
2,3 


Access Time From CAS 
tCAC 
- 
30 
- 
35 
- 
40 
ns 
3, 5 


Access Time From OE 
toAC 
- 
30 
- 
35 
- 
40 
ns 
3 


Address Access Time 
tAA 
- 
45 
- 
55 
- 
70 
ns 
3,6 


Output Buffer Turn Off Delay 
tOFFI 
0 
25 
0 
30 
0 
40 
ns 
7 
Referenced 
to CAS 


Output Buffer Turn Off Delay 
tOFF2 
0 
25 
0 
30 
0 
40 
ns 
7 
Referenced 
to OE 


Read Command 
Setup Time 
tRCS 
0 
- 
0 
- 
0 
- 
ns 


Read Command 
Hold Time 
tRCH 
0 
- 
0 
- 
0 
- 
ns 
12 


Read Command 
Hold Time 
tRRH 
10 
10 
10 
12 
Referenced 
to RAS 
- 
- 
- 
ns 


RAS to Column Address Delay Time 
tRAO 
20 
55 
20 
65 
25 
80 
ns 
5,6 


Page Mode Cycle Time 
tpc 
55 
- 
65 
- 
80 
- 
ns 


CAS Precharge 
Time 
tcp 
10 
- 
15 
- 
20 
- 
ns 


Access Time From CAS Precharge 
tACP 
- 
50 
- 
60 
- 
75 
ns 


HM538121-10 
HM538121-12 
HM538121-15 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Command 
Setup Time 
twcs 
0 
- 
0 
- 
0 
- 
ns 
9 


Write Command 
Hold Time 
tWCH 
25 
- 
25 
- 
30 
- 
ns 


Write Command 
Pulse Width 
twP 
15 
- 
20 
- 
25 
- 
ns 


Write Command 
to RAS Lead Time 
tRwL 
30 
- 
35 
- 
40 
- 
ns 


Write Command 
to CAS Lead Time 
tCWL 
30 
- 
35 
- 
40 
- 
ns 


Data-In Setup Time 
tos 
0 
- 
0 
- 
0 
- 
ns 
10 


Data-In Hold Time 
tOH 
25 
- 
25 
- 
30 
- 
ns 
10 


WE to RAS Setup Time 
tws 
0 
- 
0 
- 
0 
- 
ns 


WE to RAS Hold Time 
tWH 
15 
- 
15 
- 
20 
- 
ns 


Mask Data to RAS Setup Time 
tMS 
0 
- 
0 
- 
0 
- 
ns 


Mask Data to RAS Hold Time 
tMH 
15 
- 
15 
- 
20 
- 
ns 


OE Hold Time 
10 
15 
20 
Referenced 
to WE 
tOEH 
- 
- 
- 
ns 


Page Mode Cycle Time 
tpc 
55 
- 
65 
- 
80 
- 
ns 


CAS Precharge 
Time 
tcp 
10 
- 
15 
- 
20 
- 
ns 
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HM538121-10 
HM538121-12 
HM538121-15 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read Modify Write Cycle Time 
tRWC 
255 
- 
295 
- 
350 
- 
ns 


RAS Pulse Width 
tRWS 
165 
1ססoo 
195 
1ססoo 
240 
1ססoo 
ns 


CAS to WE Delay 
leWD 
65 
- 
75 
- 
90 
- 
ns 
9 


Column Address to WE Delay 
tAWD 
80 
- 
95 
- 
120 
- 
ns 
9 


OE to Data-In Delay Time 
loDD 
25 
- 
30 
- 
40 
- 
ns 


Access time from RAS 
tRAC 
- 
100 
- 
120 
- 
150 
ns 
2,3 


Access Time from CAS 
leAC 
- 
30 
- 
35 
- 
40 
ns 
3,5 


Access Time from OE 
loAC 
- 
30 
- 
35 
- 
40 
ns 
3 


Address Access Time 
tAA 
- 
45 
- 
55 
- 
70 
ns 
3,6 


RAS to Column Address Delay 
tRAD 
20 
55 
20 
65 
25 
80 
ns 
5,6 


Output Buffer Thrn-Off Delay 
loFF2 
0 
25 
0 
30 
0 
40 
ns 
Referenced 
to OE 


Read Command 
Setup Time 
tRCS 
0 
- 
0 
- 
0 
- 
ns 


Write Command 
to RAS Lead Time 
tRwL 
30 
- 
35 
- 
40 
- 
ns 


Write Command 
to CAS Lead Time 
lewL 
30 
- 
35 
- 
40 
- 
ns 


Write Command 
Pulse Width 
twP 
15 
- 
20 
- 
25 
- 
ns 


Data-In Setup Time 
tDS 
0 
- 
0 
- 
0 
- 
ns 
10 


Data-In Hold Time 
tDH 
25 
- 
25 
- 
30 
- 
ns 
10 


WE to RAS Setup Time 
tws 
0 
- 
0 
- 
0 
- 
ns 


WE to RAS Hold Time 
tWH 
15 
- 
15 
- 
20 
- 
ns 


Mask Data to RAS Setup Time 
tMS 
0 
- 
0 
- 
0 
- 
ns 


Mask Data to RAS Hold Time 
tMH 
15 
- 
15 
- 
20 
- 
ns 


OE Hold Time Referenced 
to WE 
loEH 
10 
- 
15 
- 
20 
- 
ns 


HM538121-10 
HM538121-12 
HM538121-15 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS Setup Time (CAS-Before-RAS 
Refresh) 
leSR 
10 
- 
10 
- 
10 
- 
ns 


CAS Hold Time (CAS-Before-RAS 
Refresh) 
leHR 
20 
- 
25 
- 
30 
- 
ns 


RAS Precharge 
to CAS Hold Time 
tRPC 
10 
- 
10 
- 
10 
- 
ns 
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HM538121-10 
HM538121-12 
HM538121-15 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


WE to RAS Setup Time 
tws 
0 
- 
0 
- 
0 
- 
ns 


WE to RAS Hold Time 
tWH 
15 
- 
15 
- 
20 
- 
ns 


SE to RAS Setup Time 
tES 
0 
- 
0 
- 
0 
- 
ns 


SE to RAS Hold Time 
tEH 
15 
- 
15 
- 
20 
- 
ns 


RAS to SC Delay Time 
tSRO 
25 
- 
30 
- 
35 
- 
ns 


SC to RAS Setup Time 
tSRS 
30 
- 
40 
- 
45 
- 
ns 


DT Hold Time from RAS 
tROH 
TBD 
- 
TBD 
- 
TBD 
- 
ns 


DT Hold Time from CAS 
tCOH 
20 
- 
30 
- 
45 
- 
ns 


Last SC to DT Delay Time 
tsoo 
5 
- 
5 
- 
10 
- 
ns 


First SC to DT Hold Time 
tSOH 
TBD 
- 
TBD 
- 
TBD 
- 
ns 


DT to RAS Lead Time 
tOTL 
50 
- 
50 
- 
50 
- 
ns 


DT Hold Time Referenced 
to RAS High 
tOTHH 
20 
- 
25 
- 
30 
- 
ns 


DT Precharge 
Time 
tOTP 
30 
- 
35 
- 
40 
- 
ns 


Serial Data Input Delay Time from RAS 
tSID 
50 
- 
60 
- 
75 
- 
ns 


Serial Data Input to RAS Delay Time 
tSZR 
- 
10 
- 
10 
- 
10 
ns 


Serial Output Buffer Turn-Off Delay from RAS 
tSRZ 
10 
50 
10 
60 
10 
75 
ns 
7 


RAS to Sou, (Low Z) Delay Time 
tRLZ 
5 
- 
10 
- 
10 
- 
ns 


Serial Clock Cycle Time 
tscc 
30 
- 
40 
- 
60 
- 
ns 


Access Time from SC 
tSCA 
- 
30 
- 
40 
- 
50 
ns 
4 


Serial Data Out Hold Time 
tSOH 
7 
- 
7 
- 
7 
- 
ns 
4 


SC Pulse Width 
tsc 
10 
- 
10 
- 
10 
- 
ns 


SC Precharge 
Width 
tscp 
10 
- 
10 
- 
10 
- 
ns 


Serial Data-In Setup Time 
tSIS 
0 
- 
0 
- 
0 
- 
ns 


Serial Data-In Hold Time 
tStH 
15 
- 
20 
- 
25 
- 
ns 


Parameter 
HM538121-10 
HM538121-12 
HM538121-15 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Serial Clock Cycle Time 
tscc 
30 
- 
40 
- 
60 
- 
ns 


Access Time from SC 
tSCA 
- 
30 
- 
40 
- 
50 
ns 
4 


Access Time from SE 
tSEA 
- 
25 
- 
30 
- 
40 
ns 
4 


Serial Data-Out Hold Time 
tSOH 
7 
- 
7 
- 
7 
- 
ns 
4 


SC Pulse Width 
tsc 
10 
- 
10 
- 
10 
- 
ns 


SC Precharge 
Width 
tscp 
10 
- 
10 
- 
10 
- 
ns 


Serial Output Buffer Turn-Off Delay from SE 
tSEZ 
0 
25 
0 
25 
0 
30 
ns 
7 
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HM538121-10 
HM538121-12 
HM538121-15 
Unit 
Parameter 
Symbol 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Serial Clock Cycle Time 
tsee 
30 
- 
40 
- 
60 
- 
ns 


SC Pulse Width 
tse 
10 
- 
10 
- 
10 
- 
ns 


SC Precharge 
Width 
tsep 
10 
- 
10 
- 
10 
- 
ns 


Serial Data-In Setup Time 
tSIS 
0 
- 
0 
- 
0 
- 
ns 


Serial Data-In Hold Time 
tSIH 
15 
- 
20 
- 
25 
- 
ns 


Serial Write Enable Setup Time 
tsws 
0 
- 
0 
- 
0 
- 
ns 


Serial Write Enable Hold Time 
tSWH 
30 
- 
35 
- 
50 
- 
ns 


Serial Write Disable Setup Time 
tswIS 
0 
- 
0 
- 
0 
- 
ns 


Serial Write Disable Hold Time 
tSWIH 
30 
- 
35 
- 
50 
- 
ns 


1. AC measurements 
assume 
tT=5ns. 


2. Assumes 
that tRCD :S tRCD(max) and tRAD :S tRAD (max). 
IftRCD or tRADis greater 
than the maximum 


recommended 
value shown in this table, tRACexceeds 
the value shown. 


3. Measured 
with a load circuit 
equivalent 
to 2 ITL 
loads and loopF. 


4. Measured 
with a load circuit 
equivalent 
to 2 ITL 
loads and 50pF. 


5. When tRCD ~ tRCD(max) and tRAD :S tRAD(max), 
access time is specified 
by tCAC. 


6. When tRCD :S tRCD(max) and tRAD ~ tRAD(max), 
access time is specified 
by tAA. 


7. tOFF (max) is defined 
as the time at which the output achieves 
the open circuit 
condition 
(VOH - 2oomV, 
VOL + 
2oomV). 


8. VIH (min) and VIL (max) are reference 
levels for measuring 
timing of input signals. 
Transition 
times are measured 
between 
VIH and VIL. 


9. When twcs 
~ twcs (min), 
the cycle is an early write cycle, 
and I/O pins remain 
in an open circuit 
(high impedance) 


condition. 
When tAwD ~ tAwD (min) and tcwD ~ tcwD (min), 
the cycle is a read-modify-write 
cycle; 
the data of the 


selected 
address 
is read out from a -data output pin and input data is written 
into the selected 
address. 
In this case, 


impedance 
on 1/0 pins is controlled 
by OE. 


10. These parameters 
are referenced 
to CAS falling edge in early write cycles or to WE falling edge in delayed 
write or 


read-modify-write 
cycles. 


11. After power-up, 
pause for 100 p.s or more and execute at least 8 initialization 
cycles (normal 
memory 
cycles or 


refresh cycles), 
then start operation. 


12. If either tRCHor tRRHis satisfied, 
operation 
is guaranteed. 
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• 
TIMING 
WAVEFORMS 


• Read Cycle 


I. When WE is high level, all the data on II0s can be written 
into the memory 
cell. When WE is low level, the data on 
1I0s are not written 
except 
for the case that the 110 is high at the falling edge of RAS. 


~HITACHI 


Hitachi America, Ltd .• 
Hitachi Plaza. 
2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 


I/O 


(Input) 


I/O 


(Output) 


I. When WE is high level, all the data on 1I0s can be written 
into the memory 
cell. When WE is low level, the data on 
1I0s are not written 
except for the case that the 110 is high at the falling edge of RAS. 


I/O 


(Input) 


I/O 


(Output) 


I. When WE is high level, all the data on II0s 
can be written 
into the memory 
cell. When WE is low level, the data on 


1I0s are not written except for the case that the 110 is high at the falling edge of RAS. 
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1. When WE is high level, all the data on 1I0s can be wrinen 
into the memory 
cell. When WE is low level, the data on 
1I0s are not written 
except for the case that the 110 is high at the falling edge of RAS. 
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I/O 
(Output) 


I/O 
(Input) 


NOTE: 
I. When WE is high level. all the data on 1/05 can be written 
into the memory 
cell. When WE is low level. the data on 


1/05 are not written except 
for the case that the I/O is high at the falling edge of RAS . 
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Ol/IIZTI/J/I//lflZZl//OZI 


1T//l/T//T////////7ZZIOJIL 


I/O 


(Input) 
I/ZIZZ/ZI7/ZZZ/lZZZZZZZZZI 


I/O 


(Output) 
'iZZ//ZZZZZZZZZZZZZZ//; 


tllAC 


tCAC 


toAc 
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I/O 
(Output) 


I/O 
(Input) 


I. When the previous 
data transfer 
cycle is a read transfer 
cycle, 
it is defined 
as read transfer 
cycle (1). 


2. SE is in low level. (When SE is high, SilO becomes 
high impedance). 


3. CAS and SAM start address 
don't 
need to be specified 
every cycle if SAM start address 
is not changed. 


~ 


., 
m 
t•••• 


Address 


WE: 


I/O 
(Output) 


I/O 
(Input) 


m/ot 


50 


Sl/O 
(Ou,put) 


Sl/O 
(I""",) 
mI:Don't care 


~ 
; Inhibit risinc 
transient 


I. When the previous 
data transfer 
cycle is a write or pseudo 
transfer 
cycle, 
it is defined 
as read transfer 
cycle (2). 


2. SE is in low level. (When SE is high, SIlO becomes 
high impedance). 


3. CAS and SAM start address 
don't 
need to be specified 
every cycle if SAM start address 
is not changed . 


• 
HITACHI 


Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 


• 


fL7Z} : Don't 
care 


~ 
: Inhibit 
rising 
transient 


I/O 
: Don't 
care 


~ 
: Don't 
care 


~ 
: Inhibit 
rising 
transient 
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~ 
7711111111111ZIIIIIIII~ 
11111111 


~ 
IIIIIZIIIIZZZZZZZZZZ/~IIIIIIIII 


NOTES: 
1. When SE is high level in a serial write cycle, data is not written 
into SAM, however, 
the pointer 
is incremented. 


2. Address 
0 is accessed 
next to address 
255. 
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• 
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Section 5 
MOS Dynamic RAM 


$HITACHI@ 


HM50464 Series 


65536-word x 4-bit Dynamic Random AccessMemory 


• 
FEATURES 


• 
Page mode capability 


• 
Single SV (± 10%) 


• 
On chip substrate bias generator 


• 
Low power: 
350 mW active, 20 mW standby 


• 
High speed: Access Time 120nsI1S0ns/200ns 


• 
Output 
data controlled 
by CAS or OE 


• 
TTL 
compatible 


• 
256 refresh cycles . . . . . . . . . 4 ms 


• 
3 variations 
of refresh 
RAS only 
refresh 
CAS before RAS refresh 


Hidden 
refresh 


Type No. 
Access Time 
Package 


HM50464P-12 
120ns 
HM50464P-15 
150ns 
300 mil 18 pin 
Plastic DIP 
HM50464P-20 
200ns 


HM50464CP-12 
120ns 


HM50464CP-15 
150ns 
18 pin PLCC 


HM50464CP-20 
200ns 


I/0l(jEVss 
1/04 


2 
1 18 17 


8 
9 10 11 


A. Vcc A1 A3 
(Top 
View) 


t 


1 •.····,,-,,··· 
I 


(DP-18B) 


HM50464CP 
Series 


• 
PIN ARRANGEMENT 


• HM50464P 
Series 


16 
CAS 
15 1/03 


14 
Ao 


13 
Al 
12 
A2 


17 1/04 


CAS 
1/03 


Ao 
A, 
Address Inputs 


CAS 
Column Address Strobe 


1/01- 
Data In/Data Out 
1/04 


OE 
Output Enable 


RAS 
Row Address Strobe 


WE 
Read/Write Input 


VCC 
Power (+5V) 


VSS 
Ground 
Ao- 
A, 
Refresh Address Inputs 
(Row) 
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Item 
Symbol 
Rating 
Unit 


Voltage on any pin relative to Vss 
Vr 
-I 
to 
+7 
V 


Supply Vol tage relative to VSS 
Vee 
-I 
to 
+7 
V 


Operating Temperature 
(Ambient) 
Topr 
o to 
+70 
·C 


·Storage Temperature 
(Ambient) 
Tstg 
-55 
to +125 
·c 


Power Dissipation 
Pr 
1.0 
W 


Short Circuit Output Current 
Jout 
50 
mA 


Parameter 
Symbol 
min. 
typo 
max. 
unit 


Supply Voltage 
Vee 
4.5 
5.0 
5.5 
V 


Input High Voltage 
V/H 
2.4 
- 
6.5 
V 


Input Low Voltage 
V/L 
-1.0 
- 
0.8 
V 


Note) AUvoltage referenced to Vss. 


• 
DC elECTRICAL 
CHARACTERISTICS 
(Vee 
= 5V ± 10%, Vss = OV, To = 0 to +70°C) 


HM50464·12 
HM50464-15 
HM50464·20 
Unit 
Parameter 
Symbol 
Note 
min. 
max. 
min. 
max. 
mm. 
max. 


Operating 
Current 
(tRC= 
min.) 
ICCI 
- 
'83 
- 
70 
- 
55 
mA 
1 


Sundby ('urrent 
(RAS = V /H. Dout - Disable) 
ICel 
- 
4.5 
- 
4.5 
- 
4.5 
mA 


Refresh 
('urrent 
(RAS 
only 
refresh, 
tRC 
- min.) 
ICO 
- 
62 
- 
53 
42 
mA 
Sundby ('urren, 
(RAS = V/H. Dout = Enable) 
ICCS 
- 
10 
- 
10 
- 
10 
mA 
1 


Refresh 
Currtnt 
(CAS before 
RAS refresh. IRe = min.) 
ICC6 
- 
69 
- 
58 
- 
45 
mA 
1 


Operating 
('urrent 
(pale 
mode. 
tpc - min.) 
ICC7 
- 
57 
- 
48 
- 
37 
mA 
1 


Input 
Leaka,e 
Currtnt 
(0 < Vin < 7V) 
ILl 
-10 
10 
-10 
10 
-10 
10 
"A 
Output 
Leakage 
Current 
(0 < Vout < 7V. Dout 
= Disable) 
ILO 
-10 
10 
-10 
10 
-10 
10 
"A 
Output High Voltage (/oul = -5 mAl 
VOH 
2.4 
VCC 
2.4 
VCC 
2.4 
VCC 
V 
Output Low Voltage (/oul = 4.2 mAl 
VOL 
0 
0.4 
0 
0.4 
0 
0.4 
V 
Note) 
I. Ice depends on output loading condition when the device is selected'/ee 
max. is specified at the output open 
condition. 


Parameter 
Symbol 
typo 
max. 
Unit 
Note 
Address 
CII 
- 
5 
pF 
I 
Input Capacitance 
RAS, CAS. WE. OE 
Cn 
10 
pF 
I 
- 


Output Capacitance 
Data In/Data Out 
Cl/O 
- 
10 
pF 
1.2 
Notes) 
I. 
Capacitance measured with Boonton Meter or effective capacitance measuring method. 


2. CAS = V/H to disable Dout. 


• 
ELECTRICAL 
CHARACTERISTICS 
AND RECOMMENDED 
AC OPERATING 
CONDITIONS 
(Vee 
= 5V ± 10%, Vss = OV, To = 0 to +70°C) 


HMS0464-12 
HM50464-15 
HM50464-20 
Parameter 
Symbol 
Unit 
Note 
min. 
max. 
min. 
max. 
min. 
max. 


Acce" Time from !fAS 
'RAC 
120 
- 
150 
- 
200 
ns 
2,3 
Acce" Time from ('AS 
'CAC 
- 
60 
- 
75 
- 
100 
ns 
3.4 


Output 
Buffer 
Turn~ff 
Delay 
referenced 
to CAS 
'OFF. 
- 
30 
- 
40 
- 
50 
ns 
5 


Transition 
Time 
(Rise 
and Fall) 
'T 
3 
50 
3 
50 
3 
50 
ns 
6 


Random 
Read 
or Write Cycle 
Time 
'RC 
220 
- 
260 
- 
330 
- 
ns 


RAS Precharge Time 
'RP 
90 
- 
100 
- 
120 
- 
ns 


IU3 Pulse Width 
'RAS 
120 
10000 
150 
10000 
200 
10000 
ns 


CAS Pulse Width 
'CAS 
60 
10000 
75 
10000 
100 
10000 
ns 


J{A~ to ('AS Delay Time 
rRCD 
25 
60 
25 
75 
30 
100 
ns 
7 
RAS Hold Time 
'RSH 
60 
- 
75 
- 
100 
- 
ns 
(' AS Hold Time 
'CSH 
120 
- 
150 
- 
200 
- 
ns 


CAS '0 RAS Prechar~e Time 
'CRP 
10 
- 
10 
- 
10 
- 
ns 
Row Addre" 
Set·up Time 
'ASR 
0 
- 
0 
- 
0 
- 
ns 


Row 
Addres~ 
Hold 
Time 
'RAH 
15 
- 
15 
- 
20 
- 
ns 
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HM50464-12 
HM50464-15 
HM50464-20 
Unit Not. 
Puameter 
Symbol 
min. 
max. 
min. 
max. 
min. 
max. 


Column Addr.ss S.t"'p 
Tim. 
IASC 
0 
0 
0 
n. 
Column Addr.ss Hold Tim. 
ICAH 
20 
- 
25 
30 
n. 
Column Addres. Hold Tim. r.f.r.nc.d 
to RAS 
IAR 
80 
100 
- 
130 
n. 
Writ. Command S.t"'p 
Tim. 
IWCS 
0 
- 
0 
0 
n. 
'8 
Writ. Command Hold Tim. 
IW~H 
40 
45 
55 
n. 
Writ. Command Hold Tim. r.f.r.nc.d 
to RAS 
IWCR 
100 
- 
120 
- 
155 
- 
n. 
Writ. Command Pulse Width 
IWp 
40 
- 
45 
55 
n. 
Writ. Command to RAS Lead Time 
IRWL 
40 
- 
45 
- 
55 
n. 
Writ. Command to CAS Lead Time 
ICWL 
40 
- 
45 
55 
n. 
Data-in S.t"'p 
Tim. 
rOS 
0 
0 
0 
n. 
9 
Data-in Hold Time 
10H 
40 
- 
45 
55 
n. 
9 
Data-in Hold Time refer.nced 
to RAS 
10HR 
100 
120 
155 
n. 
Read Command S.t",p 
Tim. 
IRCS 
0 
0 
0 
- 
n. 
Read Command Hold Tim. referenced to CAS 
IRCH 
0 
- 
0 
0 
- 
n. 
R.ad Command Hold Tim. referenced to RAS 
tRRH 
10 
- 
10 
10 
n. 
Refr.sh Period 
IREF 
- 
4 
4 
4 
m. 
Read·Writ. Cycl. Tim. 
IRWC 
305 
360 
450 
n. 
CAS to WE Delay Tim. 
ICWO 
100 
125 
160 
n. 
8 
I£AS to WE Delay Tim. 
IRWO 
160 
200 
260 
- 
n. 
8 
CAll Pr.charle 
Tim. 
ICPN 
50 
60 
80 
n. 
~ 
Set"'p Tim. (~ 
before m refresh) 
ICSR 
10 
- 
10 
10 
n. 
CAS Hold Tim. (CAS before lAS r.fresh) 
ICHR 
120 
150 
200 
- 
n. 
!(AS Prochar.., to CAS Hold Tim. 
IRPC 
0 
0 
0 
n. 
Access Time from or 
10Ai:' 
30 
35 
45 
n. 
Output Buff.r Turn",ff 
Delay ref.r.nced 
to OE 
10FF1 
- 
30 
40 
50 
n. 
m to Data·in Delay Time 
1000 
30 
40 
50 
- 
n. 
or Hold Time ref.r.nced 
to WE 
10EH 
25 
30 
- 
40 
- 
n. 
POI. Mod. Cycl. Time 
Ipc 
120 
145 
190 
n. 
CAll Pr.ch.,.., 
Tim. (for POle-mode Cycle Only) 
ICp 
50 
60 
80 
- 
n. 
CAS Read-modify-write Cycle Time (P••• ·mode) 
IpcM 
205 
245 
310 
n. 
Notes) 
1. 
At measurements assume IT = Sns. 
2. 
Assume 
that 
IRCD 
~ 
IRCD 
(max). 
If IRCD 
is 
greater 
than 
the 
maximum 
recommended 
value 
shown in this table, IRAC exceeds the value shown. 


3. 
Measured 
with a load circuit 
equivalent 
to 21TL 
loads and 100pF. 


4. 
Assumes that IRCD ~ IRCD (max). 


S. 
IOFF 
(max) 
is defined 
as the time at which the 
output 
achieves the open circuit condition and is not 
referenced to output voltage levels. 


6. 
VIH (min) and 
VIL (max) are reference levels for 
measuring timing of input 
signals. 
Also, transition 
times are measured between VIH and VIL. 
7. 
Operation 
with 
t'te IRCD (max) limit insures that 
IRAC (max) can be met; IRCD (max) is specified as 
a reference 
point 
only, if IRCD is greater than the 
specified 
IRCD 
(max) 
limit, 
then 
access time 
is 
controlled exclusively be ICAC' 


8. 
IWCS, ICWD and I R WD are not restrictive operating 
parameters. 
They are included in the data sheet as 
electrical characteristics only: if I wcs ~ I WCS(min), 
the cycle is an early write cycle and the data out pin 
will remain open circuit 
(high impedance) 
through· 
out 
the entire 
cycle; if ICWD ~ 'CWD (min) and 
IRWD ~ IRWD (min), the cycle is a read/write 
and 
the 
data 
output 
will contain 
dala read from 
the 
selected cell; if neither 
of the above sets of condi· 
tions is satisfied, the condition 
of the data out (at 
access time) is indeterminate. 


9. 
lbese parameters are referenced to CAS leading edge 
in early 
write 
cycles and to WE leading edge in 
delayed write .or read-modify-write 
cycles. 


10. 
An initial pause of 100,.s is required after power-up 
followed by a minimum of 8 initialization of cycles. 


II. 
Minimum of 8 CAS before RAS refresh is required 
before using internal refresh counter. 
12. 
In delayed 
write or read-modify-write 
cycles, OE 
must disable output buffers prior to applying data to 
the device. 
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• 
TIMING 
WAVEFORMS 


• 
READ 
CYCLE 


; 
..~,-- 


ItJAI.- 


lll)ZZZZZZZZZZZ~ 
~ 


1m·,.,! 
111!!!1 


INS" 


1C.4<1 


ICSIl---- 


Notes) 
1. OE : Don't 
care 
2.11L: Don't 
care 
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• 
DELAYED 
WRITE 
CYCLE 
RAS 


IIlSH 


ICAS 


~ 
HITACHI 
Note) IZLJ : Don't care 
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Notes) 
I. lYE, 
\VE: 
Don't 
care 


2. t'ZZl : Don't 
ca~e 


( 


Note) fIn: Don't 
care 
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• 


HM50256 
Series 


262144-word 
x 1-bit Dynamic 
Random 
Access 
Memory 


• FEATURES 
• 
Industry Standard 
16-Pin DIP, 18-Pin PLCC, 16-Pin ZIP 


• 
Single 5V (±10%) 


• 
On chip substrate bias generator 


• 
Low Power: 
350mW active, 20mW standby 


• 
High speed: 
Access Time 120ns/150ns/200ns(max.1 


• 
Common I/O capability using early write operation 


• 
Page mode capability 
• 
TTL compatible 


• 
256 refresh cycles ... 
(4ms) 


• 
3 variations of refresh· 
.. R"AS only refresh, CliS before ~ 
refresh, 
Hidden refresh 
I--H-M-S-O-2-S6-C-P-S-er-j-es--------I 


Type No. 
Access Time 
Package 


HM50256P-12 
120ns 
300 mil 16 pin Plastic 
HM50256P-15 
150ns 


HM50256P-20 
200ns 
DIP 


HM50256ZP-12 
120ns 
HM50256ZP-15 
150ns 
16 pin Plastic ZIP 


HM50256ZP-20 
200ns 


HM50256CP-12 
120ns 
HM50256CP-15 
150ns 
18 pin PLCC 


HM50256CP-20 
200ns 


• PIN ARRANGEMENT 
• HM50256P Series 
• HM50256CP Series 
• HM50256ZP Series 


A,-A, 
Aclclre•• Inpull 


CAS 
Column Aclclreol Sirobe 


Din 
DIU 
In 


Doul 
DIIIOul 


RAS 
Row Aclclreol Sirobe 


WE 
Relcl/W rile Inpul 


Vcc 
Power 
(+SV) 


V•• 
Ground 
A,-A, 
Refruh 
Aclclrul 
Inpull 
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.ABSOlUTE 
MAXIMUM RATINGS 
Voltage on any pin relative to Vss . . . 
. .. 
-1V to +7V 
Operating temperature, 
Ta (Ambient) . 
. 
oOe to +70oe 
Storage temperature 
-ssoe 
to +12Soe 
Short circuit output current 
. 
. .. 
. . . . . 
SOmA 
Power dissipation 
lW 


Parameter 
Symbol 
min 
typ 
mOK 
Unit 
Note 


Supply Volta,e 
Vce 
4.5 
5.0 
5.5 
V 
1 
Input Hi,h Volta,e 
V•• 
2.4 
- 
6.5 
V 
1 
Input Low Volta,e 
V" 
-1.0 
- 
0.8 
V 
1 


HM50256·12 
HMS0256·15 
HM50256·20 


Parameter 
Symbol 
Unit 
Note. 


man 
mOK 
min 
mOK 
min 
mOK 


Operati •• Current( 
RAS. CAS =Cycling: 
tRe =min) 
lcel 
- 
83 
- 
70 
- 
55 
IlIA 
1 


Standby 
Current(RAS- 
V••• Dout-Hi,h 
Impedance) 
lee. 
- 
4.5 
- 
4.5 
- 
4.5 
mA 


Refreah 
Current(RAS 
only Refre.h. 
"'e-min) 
lee. 
- 
62 
- 
53 
- 
42 
mA 


Standby 
Current(RAS- 
V". 
Dout -Enable) 
Ices 
- 
10 
- 
10 
- 
10 
IlIA 
1 


Refre.h 
Current(CAS 
belore 
RAS Relre.h. 
"'e-min) 
IcCi 
- 
69 
- 
58 
- 
45 
IlIA 


Page Mod. SupplyCurrtrlll RAS= VIL. CAS =Cycling, Ipc=minl 
fIn 
- 
57 
- 
48 
- 
37 
mA 


Input leaka,e< 0< V.• < 7V) 
/u 
-10 
10 
-10 
10 
-10 
10 
I'A 
Output leaka,e< 0< V",< 7V. DoUI- Disable) 
"0 
-10 
10 
-10 
10 
-10 
10 
I'A 


Output le.el. 
Hi,h(/",- 
-5mA) 
V•• 
2.4 
Vee 
2.4 
Vcc: 
2.4 
Vee 
V 


Output le.el. 
Low(l",-4. 
2mA) 
VOL 
0 
0.4 
0 
0.4 
0 
0.4 
V 
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Parameter 
Symbol 
typ 
max 
Unit 
Notes 


Address, natl- in 
CII 
- 
5 
1 
Input Capaeitanee 
Clock. 
C. 
- 
7 
pF 
1, 2 


Output 
Capacitance 
Data-out 
C, 
i 
I. 
'j 


.ElECTRICAL 
CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Ta-O 
to +70·C. 
Vcc-5V±10%. 
Vss-OV) 
1).101. 
11) 


I 
I 


I 
.., 


HM50256·12 
HM50256·15 
II 1.150256-211 


Unit i Not •., 
Parameter 
Symbol 


I 
min 
max 
mill 
max 
min 
max 


Random 
Read or Write Cycle Time 
IRe 
220 
260 
3:W 
_. 
ns+--~ 
Read-Write 
Cycle Time 
IRwe 
265 
310 
390 
ns 


RAS to cAS' Delay 
Time 
IReD 
25 
60 
25 
75 
30 
100 i 
ns 
I 
i 


Access 
Time 
from 
RAS 
IRAe 
120 
150 
I 
200 
ns 
I 
2, :l 
- 
. 
! 
11111 


.. 


Access 
Time 
from CAS 
IeAe 
60 
75 
ns 
:1.1 


Output 
Buffer 
Turn-off 
Delay 
WFF 
- 
30 
40 
=t 
50 
IlS 
.j 


Transition 
Time 
(Rise and Fall) 
tr 
3 
50 
:l 
50 
~50 
ns 
6 


RAS Precharl(e 
Time 
IRp 
911 
100 
120 
ns 
I+---- 


RAS Pulse Width 
IRAS 
1211 
10000 
150 
10000 
200 
1011011 
ns 
I 


RAS Hold Time 
IRSH 
60 
75 
... 
1110 
ns 
, 


CAS Hold Time 
IeSH 
120 
150 
200 
llS 


CAS Pulse Width 
leAS 
60 
100011 
75 
10000 
100 
10000 
ns 


CAS to RAS Precharl(e 
Time 
Ie.P 
10 
10 
10 
ns 


Row Address 
Set-up 
Time 
IASR 
II 
0 
, 
0 
.. 
ns 


Row Address 
Hold Time 
IRAH 
15 
15 
20 
- 
ns 
.. 


Column 
Address 
Set-up 
Time 
lAse 
II 
II 
0 
.. 
ns 


Column 
Address 
Hold Time 
IeAH 
20 
25 
30 
ns 
.. 


Column 
Address 
Hold Time 
referenced 
to RAS 
tAR 
80 
100 
130 
ns 


Read Command 
Set·up 
Time 
IRes 
0 
II 
0 
ns 


Read Command 
Hold Time 
referenced 
to CAS 
lReH 
0 
- 
0 
0 
.. 
ns 


Write Command 
Set-up Time 
twes 
0 
, 
0 
II 
ns 
H 


Write 
Command 
Hold Time 
tweH 
40 
45 
55 
.. 
ns 


Write Command 
Hold Time 
referenced 
to RAS 
tweR 
100 
120 
15~ 
ns 


Write Command 
Pulse Width 
twp 
40 
45 
55 
ns 


Write Command 
to RAS Lead Time 
iRWL 
40 
45 
~5 
ns 


Write Command 
to CAS Lead Time 
IeWL 
40 
- 
45 
55 
- 
ns 


Data-in 
Set·up 
Time 
Ins 
0 
- 
0 
0 
ns 
9 


Data-in 
Hold Time 
InH 
40 
45 
55 
ns 
H.9 


Data-in 
Hold Time 
referenced 
to RAS 
InH' 
100 
120 
.. 
155 
ns 


RAS to wr Delay 
IRWD 
IZO 
150 
200 
... 
llS 


CAS to WE Delay 
leWD 
60 
75 
... 
100 
IlS 
H 


Page Mode Read or Write Cycle 
/Pe 
120 
145 
190 
lls 


Page 
Mode 
Read 
Modify 
Write Cycle 
/PeM 
165 
195 
250 
I1S 


CAS 'Precharge 
Time. 
Pal(e Cycle 
lep 
50 
60 
.. 
HO 
ns 


Read Command 
Hold Time 
referenced 
to RAS 
IRRH 
10 
10 
III 
os 


Refresh 
Period 
IREF 
4 
4 
4 
ms 


CAS Set-up 
Time 
IeSR 
III 
10 
III 
ns 


CAS'Hold 
Time 
(CAS' before 
RAS Refreshl 
-- 


IeHR 
120 
150 
200 
ns 


RAS Precharl(e 
to CAS Hold Time 
IRpe 
0 
0 
0 
ns 
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Notes 
I. 
AC measurements assume 'T = 5ns. 


2. 
Assumes that 'RCD S; 'RCD (max). If 'RCD is greater 
than the maximum recommended 
value shown in this 


table, 'RACexceeds 
the value shown. 
3. 
Measured with a load circuit equivalent to 2TTL loads 
and 100pF. 


4. 
Assumes that 'RCD~'RCD(max). 


5. 
'OFF (max) is defined as the time at which the out- 
put achieves the open circuit condition 
and output 


voltage levels are not referred. 


6. 
V/H 
(min) 
and 
V/L 
(max) 
are reference 
levels for 
measuring 
timing 
of 
input 
signals. Also, transition 
times are measured between 
V/H and VJL. 


7. 
Operation 
with 
the 
'RCD 
(max) 
limit insures that 
'RAC 
(max) can be met, 'RCD (max) is specified as a 
reference 
point 
only; 
if 'RCD 
is greater 
than 
the 


specified 'RCD (max) limit. access time is controlled 
exclusively by 'CAC' 


• 
TIMING 
WAVEFORMS 
.READ 
CYCLE 


8. 
'WCS, 
'CWD and 'R WD are not restrictive operating 


parameters. 
They 
are 
included 
in 
the 
data 
sheet as electrical 


characteristics 
only; if 'WCS ~ 'WCS (min), the cycle 


is an early write cycle and the data output 
pin will 


remain open circuit (hillh impedance) 
throughout 
the 


entire 
cycle; if 'CWD 
~ 'CWD 
(min) and 'RWD 
~ 


,R WD (min), the cycle is a read-write and the data 
output 
will contain data read from the selected cell' if 


neither of the above sets of conditions 
is satisfied t'he 


condition 
of the data out (at access time) is indeter- 


minate. 


9. 
These parameters 
are referenced to CAS'leading edge 


in early write cycles and to WE leading edge in delayed 
write or read-modify-write 
cycles. 


10. 
An initial pause of 100"s is required after power-up 
then execute at least 8 initialization cycles. 


II. 
At least, 8 CAS before RAS refesh cycles are required 
before using internal refresh counter . 


II,: 


"AS 
"',. 
RAS 
~"L 
tn. 


'..,0 
".. 
IUt' 


r,. 
,,,' 


CAS 
\"1 
,.. 


r,. 
A_ 


rlL 


r,. 
Vir 
r'L 


t/H'f 


'0"" 


!lout 
\'.. 
H. 
bopoduooe 
Valid Ou. 
\-'01 


Note) 
~: 
Don't 
care 
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r,. 
m 
\"L 


\',. 
m 


\'11 


r,. 
A_ 


\"L 


v•• 
m 
V" 


\'u, 
m 
V" 


V•• 


A ••••••• 


\/IL 


v•• 
W! 


\'11 


\',. 


Din 


r/L 


.... 
Douo 


rOL 


Notes) 
* l.lZn : Don't 
care 


*2. t,u'D~t""D(min) 


tcwD~tcwD(min) 
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\',11 


RAS 
\"IL 


r,H 


CAS 


I"IL 


l'jH 


Add •.••• 


\"11" 


nll'ul 
r~ 
In, 


r,H 


RAS 


rlL 


rlH 
CAs 


In 


I"IH 


Add~, 
IlL 


r'H 
WE 


\"fL 


r~ 
Ilnu, 


rOt 


Notes) 
.1.~:Don"e.art 


o2.lWruh 
Add•••• 
AG-A7(AXO-AX7l 


r'lid~'" 


~Y 


,,, 


~ 


Ius y 
I" 


R.-\S 


rll. 


1(11. y-- 
I" 
L\S 


'"/I. 


I" 


"~dd/"P.!l:' 


1}11fI'1C'lre 
In 
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rllt 
ill 


V·'1 


v,. 
CAS 


r/t 


rill' 


A •••••• 


\'/1 


Notes) 
* 1. tLZ3 : Don't 
care 


.2. Dotted 
Line 
Means 
Read 
Cycle . 


• PAGE MODE READ CYCLE 


III,n 


r,N 
RAS 


r'L 


'>< 


r,N 


CAS 


r'L 


r'H 


Address 


rll. 


rJN 
WE 


r/t 


1M 
Doul 


rOL 
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"CD 
'f' 


r,.If 
cAs 
v" 


\'", 


Add •••• 


"/1 


\"M 
WE 


l'/L 


r/l, 


[);, 


rlL 


0... 
V•• 


rOL 
,-~ 
~ 


Notes) *1.e'Z3: 
Don't are 


• 2. t".D~ '"rD(min} 


tCWD~ 
tcwo(min) 
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• 


HM51256 
Series 


262144-word 
x 1-bit CMOS Dynamic 
Random Access 
Memory 


-FEATURE 


• 
262, 144 word x 1 bit DRAM 


• 
Double 
layer Poly-Si/Policide 
Process, high performance 
CMOS 


• 
Power supply voltage: 
5V ± 10% 


• 
Access time 
Row access time: 
85/100/120/150ns 


Address access time: 
40/45/55nOns 


• 
Cycle time 
Random read/write 
cycle time: 
155/180/210/250ns 


High speed page mode cycle time: 
50/55/65/80ns 


• 
Lower power 


Standby: 
11mW (TT L Level) 
1.1mW (CMOS Level: L-version) 


Active: 
385/330/275/220mW 


• 
Refresh: 256 cycles/4ms 
256 cycles/32ms 
(L-version) 


• 
Refresh function: 
RAS only 
refresh, CAS before 
RAS refresh, 


Hidden refresh 


• 
High speed page mode capability 


• 
Edge triggered write 
capability 


• 
Fast CAS output 
control 


----.-------,----------- 


Acce ss Time 
Package 
.- .------ - - - -. --------- 
85ns 
lOOns 
300 l)1il 16 pin Plastic 


120ns 
I DIP 


--- 
~i~:t8-Pi:P~C~------ 


120ns 
' 


150ns 


HM51256P-8 
HM51256P-10 
HM51256p·12 
HM51256P-15 
- .,--------- 
HM51256CP-8 
HM51 256CP-1 0 
HM51256CP-12 
HM51256CP-15 
.'------ 
._--_._--_. 


HM51256LP-8 
HM51256LP-10 
HM51256LP-12 
HM51256LP-15 


HM51256LCP-8 
IIM51256LCP-10 
HM51256 
LCP-12 


HM51256LCP-15 


HM51256ZP·8 
HM51256ZP-10 
HM51256Zp·12 
HM51256ZP-15 


---------- ---- -- 


HM51256LZP-8 
HM51256LZP-10 
HM51256LZP-12 
HM5 1256 LZP·15 


85ns 
lOOns 
120ns 
150ns 


85ns 
lOOns 
120ns 
150ns 


85ns 


lOOns 
120ns 
150ns 


85ns 
lOOns 
120ns 
150ns 


; 300 mil 16 pin Plastic 
_ DIP 
t 
! 18 pin PLCC 


16 pin Plastic 
ZIP 


! 


HM51256P 
Series 


HM51256LP 
SeriesI' 
I 
(DP-16B) 


HM51256CP 
Series 


HM51256 
LCP Series 
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• 
PIN ARRANGEMENT 
• 
HM51256P Series 
HM51256LP Series 


• 
HM51256ZP Series 
HM51256LZP Series 


• 
HM51256CP Series 
HM51256LCP Series 


• 
ABSOLUTE 
MAXIMUM 
RATINGS 


Voltage on any pin relative to Vss . . . 
. 
-lV to +7V 
Operating temperature, 
Ta (Ambient) . . . 
. 
O°C to +70°C 
Storage temperature 
. . . . . 
. 
-55°C to +125°C 
Short circuit output current 
. 
50mA 
Power dissipation 
. . . 
. . . 1W 


A,-A. 
Address 
Input 1 


CAS 
Column Addresl 
Strobe 


Din 
OltA In 


Dout 
OltlOut 


RAS 
Row Address 
Strobe 


WE 
Read/Write 
Input 


Vcc 
Power 
(+5V) 


Vss 
Ground 


A.-A, 
Refresh Address 
Inputs 


Parameter 
Symbol 
min 
typ 
mu 
Unit 
Note 


Supply Voltale 
Vcc 
•. 5 
5.0 
5.5 
V 
I 


Inpul Hilh Voltole 
V" 
2 .• 
- 
6.5 
V 
1 


Inpul Low Vollile 
V,L 
-1.0 
- 
0.8 
V 
1 
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HM51256-8 
HM51256-10 HM51256-12 HM51256-15 


Parameter 
Symbol 
Unit 
Notes 


min 
max 
min 
max 
min 
max 
min 
max 


Operating 
Current eRAS, CAS Cycling: I1w--min) 
kn 
- 
70 
- 
60 
- 
50 
- 
40 
mA 
I 


Standby 
Current eRAS = V,H. Dout = High Impedance) 
kn 
- 
2 
- 
2 
- 
2 
2 
mA 


Refresh Current eRAS only Refresh, 
IHI"=min) 
/en 
- 
70 
- 
60 
- 
50 
- 
40 
mA 


Standby Current eRAS = V,H, Dout Enable) 
Ice I 
- 
6 
- 
6 
- 
6 
- 
6 
mA 
I 


Refresh Current (CAS before RAS Refresh, 
IHI" = mini 
Ices 
- 
60 
- 
55 
- 
45 
- 
35 
mA 


HighSpeedPage~IodeSupplyCurrent(RASoV",CASCycling.//'f=min.1 
!en 
- 
70 
- 
60 
- 
50 
- 
40 
mA 
I 


Standby 
Current eRAS, C'AS = I-IT - 0_2V ) 
kn 
- 
200 
- 
200 
- 
200 
- 
200 
J.lA 
2 


Input leakaKe 10< V,.<7VI 
11./ 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
J.lA 


Output leakaKe 10< 11.••• < 7V. Dout = Disable) 
hu 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
J.lA 


Output levels HiKh (/..••= - SmA) 
V,IH 
2.4 
Vce 
2.4 
Vce 
2.4 
Vec 
2.4 
Vcr 
V 


Output levels Low (/....,= 4. 2mA I 
ViII. 
0 
0.4 
0 
0.4 
0 
0.4 
0 
0.4 
V 


Parameter 
Symbol 
typ 
max 
Unit 
Notes 
I 
Address, 
Oata- in 
C" 
- 
5 
I 
Input Capacitance 


I 
Clocks 
C. 
- 
7 
pF 
I 


Output 
CCtlJacltilm:l' 
I 
Data·out 
--- 
C;, 
7 
-----rz--- 
- 


• 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=O 
to +70·C, 
Vcc=5V±10%, 
Vsso=OV) 


• Read, Write, Read-Modify-Write 
and Refresh Cycles (Common 
Parameter) 


Symbol 
HM51256-8 
HM51256-10 IlM51256-12 HMS1256-15 


Parameter 
. 
Unit 
Notes 
mm 
max 
min 
max 
min 
max 
min 
max 


Random Read or Write Cycle Time 
IHC 
155 
- 
180 
- 
210 
- 
250 
- 
ns 


RAS Precharge 
Time 
IHP 
60 
- 
70 
- 
80 
- 
90 
- 
ns 


RAS Pulse Width 
IRA:; 
55 
10000 
65 
10000 
75 
10000 
95 
10000 
ns 


CAS Pulse Width 
teAS 
25 
- 
25 
- 
30 
- 
35 
- 
ns 
Column Address Set-up Time 
lAse 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
Column Address Hold Time 
IcAH 
15 
-- 
20 
- 
25 
- 
30 
- 
ns 
Column Address Hold Time to RAS 
IAH 
60 
- 
75 
- 
90 
- 
110 
- 
ns 
RAS to CAS Delay Time 
IRCD 
20 
60 
25 
75 
25 
90 
30 
115 
ns 
8 
RAS to Column Address Dela}' Time 
titAn 
15 
45 
20 
55 
20 
65 
25 
80 
ns 
9 


RAS Hold Time 
IRSH 
20 
- 
25 
- 
30 
- 
35 
- 
ns 
CAS Hold Time 
ICSH 
85 
- 
100 
- 
120 
- 
150 
- 
ns 
CAS to RAS Precharge 
Time 
fCRI' 
10 
- 
10 
- 
10 
- 
10 
- 
ns 
Row Address Set-up Time 
IASR 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
Row Address Hold Time 
IRAH 
10 
- 
15 
- 
15 
- 
20 
- 
ns 
Transition 
Time (Rise and Fall) 
IT 
3 
50 
3 
50 
3 
50 
3 
50 
ns 
7 
Refresh Period 
lit,.:,.. 
- 
4 
- 
4 
- 
4 
- 
4 
ms 


- 
32 
- 
32 
- 
32 
- 
32 
ms 
21 


Parameter 
Symbol 
HM51256-8 
HM51256-10 HM51256-12 HM51256-15 
Unit 
Notes 
min 
max 
min 
max 
min 
max 
min 
max 
Access Time from RAS 
tHAC 
- 
85 
- 
100 
- 
120 
- 
150 
ns 
2.3 


Access Time from CAS 
1(" .•£ 
- 
25 
- 
25 
- 
30 
- 
35 
ns 
3.4 
Access Time (rom Address 
I•• 
- 
40 
- 
45 
- 
55 
- 
70 
ns 
3.5,14 
Read Command Set-up Time 
IRe ...• 
0 
- 
0 
-- 
0 
- 
0 
- 
ns 
Read Command 
Hold Time to CAS 
IRCH 
{} 
- 
0 
- 
0 
- 
0 
- 
ns 
Read Command 
Holr. Time to RAS 
lUll 
10 
- 
10 
- 
10 
- 
10 
- 
ns 
Column Address to RAS Lead Time 
IHAL 
40 
- 
45 
- 
55 
- 
70 
- 
ns 
Output Buffer Turn-off Time 
If/,..,.. 
0 
20 
0 
25 
0 
30 
0 
35 
ns 
6 
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Parameter 
Symbol 
HM51256·8 
HM51256·10 HM51256·12 HM51256·15 
Unit 
Notes 


min 
max 
min 
max 
min 
max 
min 
max 


Write Command 
Set·up Time 
Itres 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
10 


Write Command 
Hold Time 
"'TH 
20 
- 
25 
- 
30 
- 
35 
- 
ns 


Write Command 
Hold Time to RAS 
tncH 
65 
- 
80 
- 
95 
- 
115 
- 
ns 


Write Command 
Pulse Width 
Itn' 
15 
- 
20 
- 
25 
- 
30 
- 
ns 


Write Command 
to RAS Lead Time 
tHlr/, 
20 
- 
25 
- 
30 
- 
35 
- 
ns 


Write Command 
to CAS Lead 
Time 
tewi. 
20 
- 
25 
- 
30 
- 
35 
- 
ns 


Data·in Set·up Time 
t/)S 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
11 


Data·in 
Hold Time 
tou 
15 
- 
20 
- 
25 
- 
30 
- 
ns 
10, 11 


Data·in 
Hold Time to RAS 
tOHR 
60 
- 
75 
- 
90 
- 
110 
- 
ns 


Parameter 
Symbol 
HM51256·8 
HM51256·10 HM51256·12 HM51256·15 
Unit 
Notes 


min 
max 
min 
max 
min 
max 
min 
max 


Read- Write Cycle Time 
tRlfe 
180 
- 
210 
- 
245 
- 
290 
- 
ns 


RAS to WE Delay Time 
IH",,'/J 
85 
- 
100 
.- 
120 
- 
150 
- 
ns 
10 


CAS to WE Delay Time 
It'lff' 
20 
- 
25 
- 
30 
- 
35 
- 
ns 
10 


Column Address 
to WE Delay Time 
lAirD 
40 
_. 
45 
- 
55 
- 
70 
- 
ns 
10 


HM51256·8 
HM51256·10 HM51256·12 HM51256·15 


Parameter 
Symbol 
Unit 
Notes 


min 
max 
min 
max 
min 
max 
min 
max 


CAS Set·up Time (CAS before RAS Refresh) 
h:SH 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


CAS Hold Time (CAS before RAS Refresh) 
tCUR 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


RAS Prechange 
to CAS Hold Time 
tRJ'C 
15 
- 
15 
- 
15 
- 
15 
- 
ns 


HM51256·8 
HM51256·10 HM51256·12 HM51256·15 


Parameter 
Symbol 
Unit 
Notes 


min 
max 
min 
max 
min 
max 
min 
max 


High Speed Page Mode Cycle Time 
fJ'f" 
50 
- 
55 
- 
65 
- 
80 
- 
ns 
18,20 


High Speed Page Mode RAS Pulse Width 
IHMJe 
55 
75000 
65 
75000 
75 
75000 
95 
75000 
ns 
19 


RAS to Second WE Delay Time 
tHSU' 
90 
- 
105 
- 
125 
- 
155 
- 
ns 


CAS Precharge 
Time 
tn' 
10 
- 
15 
- 
20 
- 
20 
- 
ns 


Write Invalid Time 
Ilrl 
10 
- 
10 
- 
15 
- 
15 
- 
ns 


Access Time from Column Precharge 
Time 
/CAI' 
- 
45 
- 
50 
- 
60 
- 
75 
ns 
20 


HM51256·8 
HM51256·10 HM51256·12 HM51256·15 


Parameter 
Symbol 
Unit 
Notes 


min 
max 
min 
max 
min 
max 
min 
max 


High Speed Page Mode Cycle Time on Read·Write 
IH..,,"PC 
85 
- 
95 
- 
115 
- 
145 
- 
ns 
12 


Access Time from Previous 
WE 
/J''''A 
- 
80 
- 
90 
- 
110 
- 
140 
ns 
3,13 


Previous 
WE to Column Address 
Delay Time 
II\"AI1 
20 
40 
25 
45 
30 
55 
35 
70 
ns 
15 


I. 
AC measurements 
assume 
tT = 5ns. 
2. 
Assumes 
that tRCD ~ tRCD (max) 
and tRAD ~ tRAD 
(max). 
If tRCD or tRAD 
is greater 
than 
the maximum 


recommended 
value 
shown 
in this table 
tRAC exceeds 
the value 
shown. 
3. 
Measured 
with 
a load circuit 
equivalent 
to 2TTL 
loads 
and 
IOOpF. 
4. 
Assumes 
that tRCD ~ tRCD (max) 
and tRAD ~ tRAD 
(max). 


5. 
Assumes 
that 
tRCD ~ tRCD (max) 
and tRAD ;;;tRAD 
(max). 


6. tOFF (max) 
is defined 
as the 
time 
at which 
the 
output 
achieves 
the 
open 
circuit 
condition 
and 
is not 
re- 


ferenced 
to output 
voltage 
levels. 
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• 


7. 
VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between VIH and V/L. 


8. 
Operation with the tRCD (max) limit insures that tRAC (max) can be met. tRCD (max) is specified as a reference 
point only. if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAe 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, IRAD (max) is specified as a Re- 


ference point only. if lRAD is greater than the specified tRAD (max) limit, then access time is controlled 
exclusively by tAA. 


10. tWCS. tRWD. tCWD and tA WD are not restrictive operating parameters. 
They are included in the data sheet as 
electrical characteristics only: if twcs 
~ twcs 
(min), the cycle is an early write cycle and the data out pin will 


remain open circuit (high impedance) 
throughout 
the entire cycle; if tRWD ~ IRWD (min), ICWD ~ ICWD 


(min) and tA WD ~ tA WD (min). the cycle is a read/write and the data output will contain data read from the 
selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 
11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write 
cycles. 
12. tRWPC (min) = tA WD (min) + tWAD (max) + tTo 
13. Assumes that tWAD ~ tWAD (max). 
If tWAD is greater than the maximum recommended value shown in this 
table. tPWA exceeds the value shown. 


14. Assumes that tWAD ~ tWAD (max). 
15. Operation with the tWAD (max) limit insures that tpWA (max) can be met, tWAD (max) is specified as a 


reference point only. if tWAD is greater than the specified tWAD (max) limit. then access time is controlled 
exclusively by tAA. 
16. An intial pause of 100lis is required after power-up then execute at least 8 initialization cycles. 
17. At least. 8 CAS before RAS refresh cycles are reqUired before using internal refresh counter. 
18. Assumes that tASC = tcp - 5 ns. 
19. tRAPe 
is determined by RAS pulse width in High Speed Page mode cycle. 
20. 
Access time is determined by the longer of tAA. tCAC or tCAP. 


21. 
This specification 
is guannteed 
only for L-version . 


• TlMING WAVEFORMS 
eRead Cycle 
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HM51258 
Series 


The HM51258 
is the 262,144 word by 1 bit static 


column dynamic random accessmemory utilizing the 
Hitachi 
2/.lm CMOS process. 
This device has static column circuit and it is good for 
high 
performance 
main storage or for 
page access 


appl ications. 
While the row circuitry 
isstill dynamic, and it controls 


the power consumed in the static circuitry. 
It realizes 


very low power dissipation. 
Multiplexed 
address and the 16 pin pinout are com- 


patible 
with 
the 
fully 
dynamic 
256K 
DRAM 
HM50256. 


• 
FEATURES 
• 
262,144 word x 1 bit SCRAM 
• 
Double 
layer 
Poly-Si/Policide 
Process, high 


performance CMOS 
• 
Power supply voltage 
5V ± 10% 
• 
Access time 
Row accesstime: 85/100/120/150ns 
Address accesstime: 40/45/5500ns 


• 
Cycle time 
Random Read&Write cycle time: 155/180/210/250ns 
Static Column cycle time: 45/50/6005ns 


• 
Lower power 
Standby: 
llmW 


Active: 385/330/275/220mW 
• 
Input and output: 
TTL compatible 


• 
Refresh: 256 cycles/4ms 
• 
Refresh function: 
RAS only refresh, CSbefore 


RAS refresh, Hidden refresh 


• 
Static column mode capability 


• 
Edge triggered write capability 


• 
Fast CS output control 


Type No. 


HM51258p·8 
HM51258p·I0 
HM51258p·12 
HM51258p·15 


Access Time 
I 
Package 


85ns 
lOOns 
300 mil 16 pin Plastic 
12005 
DIP 
15005 


Pin Name 
Function 


AO-A8 
Address inputs 


CS 
Chip select 
Din 
Data in 


Dout 
Data out 
RAS 
Row address strobe 


WE 
Read/Write input 


Vcc 
Power (+5V) 


Vss 
Ground 
AO-A7 
Refresh address inputs 
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B 
'"g 
t"8 
.., 
t 


Memory 
Array 
" 
262.144bits 
~ 
c 


< 
~ 
j 


Row Decoder 


V 


u 
~ 
Generator 
- 


Parameter 
Symbol 
Rating 
Unit 


Voltage 
on any pin relative 
to V55 
VT 
-1..0 
to +7.0 
V 


Supply 
Voltage 
relative 
to V55 
VCC 
-1.0 
to +7.0 
V 


Short 
circuit 
output 
current 
lout 
50 
mA 


Power 
dissipation 
PT 
1.0 
W 


Operating 
temperature 
Topr 
o to +70 
°C 


Storage 
temperature 
T,t/l 
-55 
to +125 
°C 


Parameter 
Symbol 
min 
typ 
max 
Unit 


Supply 
voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input 
high voltage 
V/H 
2.4 
- 
6.5 
V 


Input 
low voltage 
VIL 
-1.0 
- 
0.8 
V 


Note) 
All voltages 
referenced 
to 
V 55 . 


• 
DC ELECTRICAL 
CHARACTERISTICS 
(Vee=5V± 
10%, Vss=OV, 
Ta=O to +70°C) 


---- 


HM51258·8 
HM51258-10 HM51258·1 
HM51258·15 
Paramet~r 
Sybmol 
T~st condition"i 
_. 
Unit 
Note 
min 
max 
min 
max 
Olin 
max 
Olin 
max 


Operating 
current 
ICCI 
RAS. CS Cycling: /Rc=min. 
70 
- 
60 
.- 
50 
- 
40 
mA 
I 
Standby 
current 
Ice 
RAS, VIH. Dout'High 
Impedance 
1 
- 
2 
- 
1 
- 
2 
mA 


Refresh 
current 
ICCJ 
RAS only Refresh. /Rc=min 
70 
. 
60 
- 
50 
- 
40 
mA 


Standby 
current 
ICC4 
RAS' VIH. Dou! Enable 
- 
6 
- 
6 
- 
6 
- 
6 
mA 
1 


Refresh 
current 
ICC5 
CS before RAS Ref",h. 
/Rc=min 
60 
. 
55 
45 
- 
35 
mA 


Operating 
current 
ICC6 
Static 
Column 
Mode, 
70 
- 
60 
- 
50 
- 
40 
mA 
1 
/RSC. /wsc'min 
Input leakage 
ILl 
Vill'O to 7V 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
jAA 


Output 
leakage 
iLo 
Vou/,O 
to 7V 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
jAA 


Output 
high voltage 
VOH 
lou/'-5mA 
1.4 
VCC 
2.4 
VCC 
2.4 
VCC 
2.4 
VCC 
V 


Output 
low voltag~ 
VOL 
lour'4.2mA 
0 
0.4 
0 
0.4 
0 
0.4 
0 
0.4 
V 


Note) 
I. Ice depends 
on output 
loading 
condition 
when 
the device 
is selected. 


Ice max is specified 
at the output 
open 
condition. 
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• 


Parameter 
Symbol 
typ 
max 
Unit 
Note 


Address, Data-In 
Cll 
- 
5 
pF 
I 


Input capacitance 


Clock 
C/2 
- 
7 
pF 
I 


Output capacitance 
Data.Qut 
Co 
- 
7 
pF 
1,2 


Note) 1. Capacitance measured with 


Boonton Meter or effective 
capacitance measuring method. 


2. CS= V1H to disable Dout. 


• 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS 
(Ta=O to +70°C, VCC=5V± 
10%, VSS = OV) 


• 
Read, Write, Read-Modify-Write 
and Refresh Cycles (Common Parameter) 


Symbol 
HM5l258-8 
HM51258-10 HM5l258-12 
HM51258-15 
Parameter 
min 
min 
min 
min 
Unit 
Notes 
max 
max 
max 
max 
Random Read or Write Cycle Time 
tRC 
155 
- 
180 
- 
210 
- 
250 
- 
ns 
RAS Precharge Time 
tRP 
60 
- 
70 
- 
80 
- 
90 
- 
ns 
IU:S Pulse Width 
tRAS 
55 
10000 
65 
10000 
75 
10000 
95 
10000 
ns 
CS Pulse Width 
tcs 
25 
- 
25 
- 
30 
- 
35 
- 
ns 
RAS to cr Delay Time 
tRCD 
20 
60 
25 
75 
25 
90 
30 
lIS 
ns 
8 


RAS to Column Address Delay Time 
tRAD 
IS 
45 
20 
55 
20 
65 
25 
80 
ns 
9 
RAS Hold Time 
tRSH 
20 
- 
25 
- 
30 
- 
35 
- 
ns 


CS Hold Time 
tCSH 
85 
- 
100 
- 
120 
- 
150 
- 
ns 
CS to RAS Precharge Time 
tCRP 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


Row Address Set-Up Time 
tASR 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
Row Address Hold Time 
tRAH 
10 
- 
IS 
- 
IS 
- 
20 
- 
ns 
Transition Time (Rise and FaU) 
tT 
3 
50 
3 
50 
3 
50 
3 
50 
ns 
7 


Refresh Period 
tREF 
- 
4 
- 
4 
- 
4 
- 
4 
ms 


Access Time from RAS 
tRAC 
- 
85 
- 
100 
- 
120 
- 
150 
ns 
2,3 
Access Time from CS 
tCAC 
- 
25 
- 
25 
- 
30 
- 
35 
ns 
3,4 
Access Time from Address 
tM 
- 
40 
- 
45 
- 
55 
- 
70 
ns 
3,5,14 
Column Address Hold Time to RAS on Read 
tAR 
85 
- 
100 
- 
120 
- 
ISO 
- 
ns 


Read Command Set-Up Time 
tRCS 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
Read Command Hold Time to CS 
tRCH 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Read Command Hold Time to RAS 
tRRH 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


Column Address to RAS Lead Time 
tRAL 
40 
- 
45 
- 
55 
- 
70 
- 
ns 
RAS to Column Address Hold Time 
tAH 
10 
- 
15 
- 
15 
- 
20 
- 
ns 
16 
Output Hold Time from Address 
tOH 
5 
- 
5 
- 
5 
- 
5 
- 
ns 
Output Buffer Turn-Qff Time 
tOFF 
0 
20 
0 
25 
0 
30 
0 
35 
ns 
6 


Column Address Set-Up Time 
tASC 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
Column Address Hold Time 
tCAH 
15 
- 
20 
- 
25 
- 
30 
- 
ns 


Column Address Hold Time to RAS on Write 
tAWR 
60 
- 
75 
- 
90 
- 
110 
- 
ns 
Write Command Set-Up Time 
twcs 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
10 
Write Command Hold Time 
tWCH 
20 
- 
25 
- 
30 
- 
35 
- 
ns 
Write Command Hold Time to RAS 
tWCR 
65 
- 
80 
- 
95 
- 
lIS 
- 
ns 
Write Command Pulse Width 
twp 
IS 
- 
20 
- 
25 
- 
30 
- 
ns 
Write Command to RAS Lead Time 
tRWL 
20 
- 
25 
- 
30 
- 
35 
- 
ns 
Write Command to CS Lead Time 
tCWL 
20 
- 
25 
- 
30 
- 
35 
- 
ns 


Data-in Set-up Time 
tDS 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
II 


Data-in Hold Time 
tDH 
15 
- 
20 
- 
25 
- 
30 
- 
ns 
10, II 
Data-in Hold Time to RAS 
tDHR 
60 
- 
75 
- 
90 
- 
110 
- 
ns 
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HM51258-8 HM51258-10 HM51258-12 HM51258-15 
Notes 
Parameter 
Symbol 
Unit 


min 
max 
min 
max 
min 
max 
min 
max 


Read-Write Cycle Time 
IRWC 
180 
- 
210 
- 
245 
- 
290 
- 
ns 


RAS to WE Delay Time 
IRWD 
85 
- 
100 
- 
120 
- 
150 
- 
ns 
10 
CS to WE Delay Time 
ICWD 
20 
- 
25 
- 
30 
- 
35 
- 
ns 
10 
Column Address to WE Delay Time 
IAWD 
40 
- 
45 
- 
55 
- 
70 
- 
ns 
10 
Output Hold Time from WE 
IOHW 
25 
- 
25 
- 
25 
- 
25 
- 
ns 


CS Set-up Time (CS before RAS Refresh) 
ICSR 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


CS Hold Time (CS before RAS Refresh) 
ICHR 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


RAS Precharge to CS Hold Time 
IRPC 
15 
- 
15 
- 
15 
- 
15 
- 
ns 


SC Mode Cycle Time on Read 
'RSC 
45 
- 
50 
- 
60 
- 
75 
- 
ns 


SC Mode Cycle Time on Write 
IWSC 
45 
- 
50 
- 
60 
- 
75 
- 
ns 


RAS to Second WE Delay Time 
IRSW 
90 
- 
105 
- 
125 
- 
155 
- 
ns 


SC Mode RAS Pulse Width 
lRASC 
55 
75000 
65 
75000 
75 
75000 
95 
7500C 
ns 
CS Precharge Time 
ICP 
10 
- 
10 
- 
15 
- 
15 
- 
ns 
Write Invalid Time 
IWI 
10 
- 
10 
- 
15 
- 
15 
- 
ns 


SC Mode Cycle Time on Read-Write 
IRWSC 
85 
- 
95 
- 
115 
- 
145 
- 
ns 
12 


Access Time from Previous WE 
IPWA 
- 
80 
- 
90 
- 
110 
- 
140 
ns 
3, 13 
Previous WE to Column Address Delay Time 
IWAD 
20 
40 
25 
45 
30 
55 
35 
70 
ns 
15 
Column Address Hold Time to Previous WE 
IPWH 
80 
- 
90 
- 
110 
- 
140 
- 
ns 


Notes: 
I. 
AC measurements assume 'T; 5ns. 
• 


2. 
Assumes that IRCD;:i! IRCD(max) 
and 'RAD;:i! 
IRAD(max). 
If IRCD 
or IRAD 
is greater than the maximum 
recommended 
value shown in this table. IRAC 
exceeds the value shown. 
3. 
Measured with a load circuit equivalent to 2TTL loads and 100pF. 
4. 
Assumes that IRCD 
~ IRCD (max) and lRAD 
~ tRAD 
(max). 
5. 
Assumes that IRCD 
;:i!IRCD(max) and IRAD 
~ IRAD(max). 


6. 
tOFF (max) is defined as the time at which the output 
achieves the open circuit condition 
and is not re- 


ferenced to output voltage levels. 


7. 
V1H(min) 
and 
VIL(max) 
are reference levels for measuring timing of input signals. Also, transition times are 
measured between 
V1H and VIL. 


8. 
Operation with the IRCD(max) limit insures that IRAC(max) can be met, IRCD (max) is specified asa reference 
point only; if IRCD 
is greater than the specified IRCD(max) 
limit, then access time is controlled 
exclusively 


by ICAC' 
9. 
Operation 
with the IRAD(max) 
limit insures that IRAC(max) 
can be met, IRAD(max) 
is specified as a re- 
ference point only; if IRAD 
is greater than the specified IRAD(max) 
limit, then access time is controlled ex- 


clusively by IAA. 


10. 
IWCS' 
IRWD. 
ICWD 
and IAWD 
are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics 
only: if IWCS 
~ Iwcs(min), 
the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout 
the entire cycle; if IRWD 
~ IRwD(min), 
ICWD 
~ICWD(min) 
and IA WD ~ IA wD(min), tne cycle is a read/write and the data output will contain data read from the selected 
cell; if neither of the above sets of conditions 
is satisfied, the condition 
of the data out (at access time) is in- 


determinate. 
11. 
These parameters 
are referenced 
to cS' leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write 
cycles. 


12. 
IRWSC(min); 
IAWD(min) + IWAD(max) + IT 
13. 
Assumes that 
tWAD 
~. tWAD(max). 
If tWAD 
is greater than the maximum recommended 
value shown in this 


table.lpwA 
exceeds the value shown. 


14. 
Assumes that IWAD 
~ 'WAD(max). 
15. 
Operation 
with the IWAD(max) limit insures that 
IPWA (max) can be met. IWAD(max) is specified 
as a re- 
ference point only. if IWAD 
is greater than the specified IWAD(max) limit, then access time is controlled ex- 


clusively by IAA. 


16. 
IAH is defined as the time at which the column address hold. 
17. 
An initial pause of 100lls is required after power-up then execute at least 8 initialization cycles. 


18. 
At least, 8 CS before RAS refresh cycle are required before using internal refresh counter. 
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• 
TIMING WAVEFORMS 


• 
Read Cycle 
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.1.Ul1J: 
Don't 
care 


.2. hwoOii:tlllro(min) 


tcwo;E:tcwo(min) 


tAWDOii:tAlI'O(min) 
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Notes) * I. ~ 
Don't care 


* 2. twes ~ twcs (min) 
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• 1.rzm : Don't care 
.2. 
t It.o~ l u·o{ min) 
tc.o;:lc 
•.o(min) 


tA.-o;:lA.O(min) 
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HM514256 
Series 


The 
Hitachi 
HM514256 
Series is a CMOS dynamic 
RAM or- 


ganized 
262144-word 
x 
4-bit. 
HM514256 
has realized 
higher 


density, 
higher performance 
and various functions 
by employing 
1.3 J..lm CMOS process technology 
and some new CMOS circuit 


design technologies. 
The 
HM514256 
offers 
Page Mode as a high 


speed access mode. 


Multiplexed 
address 
input 
permits 
the 
HM514256 
to 
be 


packaged 
in standard 
20-pin 
plastic 
DIP, 20-pin 
plastic 
SOJ and 


20-pin plastic ZIP. 


Features 


• 
High Speed 


• 
Lower Power 
.... 


Access Time 80/100/120ns 
(max) 


Active 
363/302.5/258.5 
mW (max) 
Standby 
11 mW (max) 


• 
Single 5V (±10%) 


• 
Page Mode 


• 
512 refresh cycle 
8 ms 
• 
2 variations 
of refresh 
RAS-only 
refresh 
CAS"-before-RAS 
refresh 


Ordering Information 


Type No. 


HM514256P-8 
HM514256P-I0 
HM514256P-12 


HM514256JP-8 
HM514256JP-I0 
HM514256JP-12 


HM514256ZP-8 
HM514256ZP-10 
HM514256ZP-12 


Access Time 


80ns 
lOOns 
120ns 


80ns 
lOOns 
120ns 


80ns 
lOOns 
120ns 


Pin Arrangement 


HM514256P Series 


(ZP-20) 


HM514256JP Series 
HM514256ZP Series 
Pin Description 


AO-A8 
Address Input 


Hitachi Pin No. 
AO-A8 
Refresh Address Input 


JEDEC PinNo. 
10E 
1/01-1/04 
Data Input/Data 
Output 
CAS 2 


1/01 1 
1/04 
4 


3/103 
OE 
Output Enable 
20 V.u 
1/02 2 
191/04 
I/O! 
6 
5 v." 
RAS 
Row Address Strobe 
WE3 
181/03 
71102 
ill 4 
1700 
WE 
8 
9 RAS 
WE 
Read/Write Input 


NC 
5 
166E 
NC 10 
VCC 
Power (+5V) 


llAO 


AI12 
13A2 
VSS 
Ground 
A314 


1St'" 
AO 6 
9 
18 
15 AS 
A4 16 
Al 7 
10 
17 
140 A7 
17AS 
A2 8 
11 
16 
13 Ai 
A618 
AI 9 
12 
15 
12 AS 
19A7 


Vee 10 
13 
14 
11M 
AS 20 


(Bottom View) 


(Top View) 
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• 


~ 
<Xl 


128k 
~ 
12. 
~iory; ~tiOfJ 


Amy 
~ 
Am)' 
.., 


. 
. 
<Xl 
<Xl 


o 
0 


1281< 
_ 
1281< 
1281< 
_ 
1281< 
Memory ~ 
Memory 
Memory ca Memory 
Cell 
" 
Cell 
Cell 
. Cell 
Amy 
e 
Amy 
Amy 
E Amy 
.., 
.., 


1281< 
Memory 
Cell 
Am, 


Absolute Maximum Ratings 


Voltage on any pin relative to VSS' 
.. 


Operating temperature, 
Ta (Ambient) . 
Storage temperature 
(Ambient) 
Power dissipation 
. 


Short circuit output current 
.. 


-lVto+7V 
O°C to +70°C 
-55°C to +125°C 
lW 
50mA 


Recommended 
DC Operating Conditions (Ta = 0 to +70°C) 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Supply 
voltage 
VCC 
4.5 
5.0 
5.5 
V 


Inpu t High voltage 
VIH 
2.4 
6.5 
V 


I/O Pin 
VIL 
-1.0 
0.8 
Input 
Low voltage 
V 
Others 
VIL 
-2.0 
0.8 
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DC Characteristics 
(Vee = SV ±lO%, Vss = OV, Ta= 0 to +70°C) 


HM514256-8 
HM514256-10 
HM514256-12 
Parameter 
Symbol----------------- 
Unit 
Min 
Max 
Min 
Max 
Min 
Max 


66 
55 
47 
mA 


2 
2 
2 
mA 


66 
55 
47 
mA 


5 
5 
5 
mA 


66 
55 
47 
mA 


RAS, CAS cycling, 
tRC = Min. 
RAS, CAS=V/H 
TTL 


Dout=High-Z 
interface 


RAS,CAS~V 
Cc-O.2V 
CMOS 


Dout=High-Z 
interface 


RAS-only refresh, 
tRc=Min. 


RAS=V/H, CAS =V/L, 
Dout enable 
CAS-before-RAS refresh, 
tRC= Min. 


ICC7 
66 
55 
47 
mA ~ 
mode, RAS = VI/.-, 
CAS cycling, tpc = Min 


ILl 
-10 
10 
-10 
10 
-10 
10 
IJA 
Vin = 0 to +7V 


I 
10 
10 
10 
10 
10 
Vout = 0 to +7V, 
LO 
- 
- 
- 
10 
IJA Dout = disable 


VOH 
2.4 
VCC 
2.4 
VCC 
2.4 
VCC 
V 
IOH=-5mA 
Output levels 
-------------------------------------- 
VOL 
0 
0.4 
0 
0.4 
0 
0.4 
VIOL 
= 4.2mA 


Notes: 
I. ICC depends on output loading condition when the device is selected. ICC max. is specified at the output open 
condition. 


2. Address can be changed less than three times while RAS = V/L. 
3. Address can be changed once or less while CAS = VIH. 


Input leakage 


Output 
leakage 


Capacitance (V CC = SV ± 10%, Ta = 25°C) 


Parameter 
Symbol 


CIl 
cn 


CliO 


Address 


RAS, CAS, WE, OE 


Input/Output 
capacitance 
Data input/Data 
output 


Notes: 
I. 
Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout. 


AC Characteristics 
(VCC = SV ±1O%, VSS = OV, Ta = to +70°C)"1."lO."U 


Test Conditions 
• 
Input rise and fall times: 5ns 
Input timing reference levels: o.av, 2.4V 
Output load: 2TTL Gate + CL (100pF) (Including scope and jig) 
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• 


HM514256 
Series 


Read, Write, Read-Modify-Write 
and Refresh Cycles (Common Parameter) 


HM514256-8 
HM514256-10 
HM514256-12 
Parameter 
Symbol 
Unit 
Notes 
Min 
Max 
Min 
Max 
Min 
Max 
Random read or write cycle time 
tRC 
160 
190 
220 
ns 


RAS precharge time 
tRP 
70 
80 
90 
ns 


RAS pulse width 
tRAS 
80 
10000 
100 
10000 
120 
10000 
ns 


CAS pulse width 
tCAS 
40 
10000 
50 
10000 
60 
10000 
ns 
Row address setup time 
tASR 
0 
0 
0 
ns 
Row address hold time 
tRAH 
12 
15 
15 
ns 
Column address setup time 
tASC 
0 
0 
0 
os 
Column address hold time 
tCAH 
20 
20 
25 
ns 
RAS to CAS delay time 
tRCD 
22 
40 
25 
50 
25 
60 
os 
RAS hold time 
tRSH 
40 
50 
60 
ns 
CAS hold time 
tCSH 
80 
100 
120 
ns 
CAS to RAS precharge time 
tCRP 
10 
10 
10 
ns 
Transition time (rise and fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
Refresh period 
tREF 
8 
8 
8 
ns 
OE to data-in delay time 
tODD 
20 
25 
30 
ns 
CAS to data-in delay time 
tCDD 
20 
25 
30 
ns 
OE hold time referenced to WE 
tOEH 
25 
25 
30 
ns 
OE delay time from Din 
tDZO 
0 
0 
0 
ns 
CAS delay time from Din 
tDZC 
0 
0 
0 
ns 


Read Cycle 
HM514256-8 
HM514256-10 
HM514256-12 
Parameter 
Symbol 
Unit 
Notes 
Min 
Max. 
Min 
Max 
Min 
Max 
Access time from RAS 
tRAC 
80 
100 
120 
ns 
2,3 


Access time from CAS 
tC4C 
40 
50 
60 
ns 
3,4 
Access time from OE 
tOAC 
25 
25 
30 
ns 
Read command setup time 
tRCS 
0 
0 
0 
ns 
Read command hold time referenced to CAS 
tRCH 
0 
0 
0 
os 
Read command hold time referenced to RAS 
tRRH 
10 
10 
10 
ns 
Output buffer turn-off delay time 
tOFFl 
20 
25 
30 
ns 
5 
Ou~t 
buffer turn-off delay time referenced 
tOFF2 
20 
25 
30 
ns 
5 
to 


Write Cycle 


Parameter 
Symbol 
HM514256-8 
HM514256-10 
HM514256-12 
Unit 
Notes 
Min 
Max 
Min 
Max 
Min 
Max 
Write command setup time 
twcs 
0 
0 
0 
ns 
8 
Write command hold time 
tWCH 
20 
20 
25 
os 
Write command pulse width 
twp 
15 
15 
20 
ns 
Write command to RAS lead time 
tRWL 
30 
35 
40 
os 
Write command to CAS lead time 
tCWL 
30 
35 
40 
ns 
Data-in setup time 
tDS 
0 
0 
0 
ns 
9 
Data-in hold time 
tDH 
20 
20 
25 
ns 
9 
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HM514256 
Series 


Read-Modify-Write 
Cycle 


HM514256-8 
HM514256-10 
HM514256-12 
Parameter 
Symbol 
Unit 
Notes 
Min 
Max 
Min 
Max 
Min 
Max 


Read-Write cycle time 
tRWC 
225 
265 
305 
ns 


Read-Write cycle RAS pulse width 
tRWS 
145 
175 
205 
ns 


RAS to WE delay time 
tRWD 
110 
135 
160 
ns 
8 


CAS to WE delay time 
tCWD 
70 
85 
100 
ns 
8 


Refresh Cycle 
HM514256-8 
HM5l4256-l0 
HM514256-12 
Parameter 
Symbol 
Unit 
Notes 
Min 
Max 
Min 
Max 
Min 
Max 


CAS setup time (CAS-before-RAS refresh) 
tCSR 
10 
10 
10 
ns 


CAS hold time (CAS-before-RAS refresh) 
tCHR 
20 
20 
25 
ns 


RAS precharge to CAS hold time 
tRPC 
10 
10 
10 
ns 


Page Mode Cycle 


Parameter 
Symbol 
HM514256-8 
HM514256-10 
HM514256-12 
Unit 
Notes 
Min 
Max 
Min 
Max 
Min 
Max 


Page mode read or write cycle 
tpc 
60 
70 
85 
ns 


Page mode CAS precharge time 
tcp 
10 
10 
15 
ns 


Page Mode Read-Modify-Write 
Cycle 


HM514256-8 
HM5l4256-10 
HM5l4256-12 
Parameter 
Symbol 
Unit 
Notes 
Min 
Max 
Min 
Max 
Min 
Max 


Page mode read modify write cycle time 
tpcM 
125 
145 
170 
ns 


Page mode read modify write CAS pulse 
tCRW 
105 
125 
145 
ns 


width 


Notes) 
*1. 
AC measurements assume tT = 5ns. 


*2. 
Assumes that tRCD ~ tRCD (max). 
If tRCD is greater than the maximum recommended 
value shown in this 


table, tRAC exceeds the value shown. 


*3. 
Measured with a load circuit equivalent to 2TTL loads and 100pF. 
*4. 
Assumes that tRCD?o tRCD (max). 


*5. 
tOFF (max) is defined as the time at which the output 
achieves the open circuit condition 
and is not re- 


ferenced to output voltage levels. 


*6. 
Transition times are measured between VIH and VIL. 
*7. 
Operation 
with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a refer- 


ence point only, if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclu- 
sively by tCAC. 


*8. 
twcs 
and tCWD are not re'strictive operating 
parameters. 
They are included in the data sheet as electrical 


characteristics 
only: if twcs 
?o twcs 
(min), the cycle is an early write cycle and the data out pin will remain 


open circuit (high impedance) throughout 
the entire cycle; if tR WD ~ tRWD (min) and tCWD ~ tCWD (min), 


the cycle is a read-write and the data output 
will contain data read from the selected cell; if neither of the 


above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 
*9. 
These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write 
cycles. 


*10. 
An initial pause of 100/,s is required 
after power-up followed by eight or more initialization 
cycles (any 


combination 
of cycles containing 
RAS clock such as RAS-only refresh). 
If internal refresh counter 
is used, 


eight or more CAS-before-RAS refresh cycles are required. 
* II. 
In delayed write or read-modify-write 
cycles, OE must disable output 
buffers prior to applying data to the 


device. 
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Timing Waveforms 
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HM514256S Series 
HM514256A Series 


The Hitachi HM514256S/A 
is a CMOS dynamic 
RAM organized 


262144-word 
x 4-bit. 
HM514256S/A 
has realized 
higher density, 


higher 
performance 
and various 
functions 
by employing 
1.3 llm 


CMOS technology 
and some new CMOS circuit design technologies. 


The HM514256S/A 
offers Fast Page Mode as a high speed access 


mode. 
Multiplexed 
address 
input 
permits 
the 
HM514256S/A 
to 
be 


packaged 
in standard 20-pin plastic DIP, 20-pin plastic SOJ and 20- 


pin plastic ZIP. 


Features 


Single 5 V (±10%) 
High speed: 
Access Time 
80 ns/1 00 ns/120 
ns (max) 


Low power: 
Standby 
11 mW (max) 
Active 
363 mW1302.5 mW1258.5 
mW (max) 


Fast page mode capability 
512 refresh cycles: 
(8 ms) 


2 variations 
of refresh: 
RAS-only 
refresh 
CAS-before-RAS 
refresh 


Pin Arrangement 


• HM514256SP 
Series 


1/01 
Vu 


1102 
1/04 


WE 
1/03 


RAS 
CAS 


NC 
OE 


AO 
A8 


AI 
A7 


A2 
A6 


A3 
AS 


Vtt 
A. 


(Top View) 


• HM514256SJP 


Series 
• HM514256SZP 
Series 


HM514256SP Series 


HM514256AP Series 


~ 


(DP-20NA) 


HM514256SJP Series 


HM514256AJP Series, 


(CP-20D) 


HM514256SZP Series 


HM514256AZP Series# 


(ZP-20) 


Pin Description 


Pin Name 


AO-A8 
AO-A8 


1/01-1104 
RAS 
CAS 
WE 


OE 


Vcc 


Vss 


Function 


Address input 
Refresh address input 


Data input/Data 
output 


Row address strobe 
Column address strobe 


Write enable 
Output enable 


Power supply (+5 V) 


Ground 
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r 


Hil'Chi 
Pin N01 
JEDEC Pin NO. 


1 
1/01 1 
0 v. 
1/02 2 
91/04 


WE3 
81/03 
ill 
• 
1CAS 
HC s 
60E 


I 
I 


1 
.,.".. 
26 
2 


2 
25 
1 


3 
24 
1 


4 
23 
1 


5 
22 
1 


9 
18 
1 


10 
11 
1 


11 
16 
1 


12 
15 
1 


13 
14 
1 


Ordering Information 


Type No. 
Access Time 
HM514256P-8S 
80 ns 
HM514256P-lOS 
100 ns 


HM514256P-12S 
120 ns 


HM514256JP-8S 
80 ns 


HM514256JP-I0S 
100 ns 
HM514256JP-I2S 
120 ns 


HM514256ZP-8S 
80 ns 


HM514256ZP-I0S 
100 ns 
HM514256ZP-12S 
120 ns 


Package 
3OO-mil 20-pin 
plastic DIP 
(DP-20NA) 


3OO-mil 20-pin 


plastic SOJ 
(CP-20D) 


4oo-mil 20-pin 


plastic ZIP 
(ZP-20) 


Block Diagram 
HM514256S 
Series 


Type No. 
HM514256AP-8 
HM514256AP-I0 


HM514256AP-12 


HM514256AlP-8 


HM514256AJP-I0 


HM514256AJP-12 


HM514256AZP-8 
HM514256AZP-I0 


HM514256AZP-12 


Access Time 


80ns 
100 ns 


120 ns 
80ns 


lOOns 


120 ns 


80ns 
100 ns 
120 ns 


~ 
, 
a> 
a> 


1211< ~ 
1211< 
12& 
0 
~liory ;; 
~uory 
~iory 


Array 
~ 
Array 
Array 


« 


Package 


3OO-mil 20-pin 
plastic DIP 


(DP-20NA) 
3OO-mil 20-pin 


plastic SOl 


(CP-20D) 


4oo-mil 20-pin 


plastic ZIP 
(ZP-20) 
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:l! 
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256k 
:l! :l! 
256k 
'" 
256k 
:l! 
~ 
;;; '" 
;;; 
z z 
;;; 
;;; 
z 
Memory 
0 
:;; 
0 
Memory 
Memory 
0 
:;; 
0 
Memory 


:l! " 
:l! 
ci 
ci 
:l! " 
:l! 
0. 


E 
Cell 
~ 
0 ~ 
Cell 
E 
E 
Cell 
"- 
8 ~ 
Cell 
E 
v 
" 


Q) 
" " 


Q) 
" 
Array 
0. 
0 
0. 
Array 
Array 
0. 
0 
0. 
Array 
~ 
~ 
~~ 
E ~ 


E 
. 
E ~ 
E 
. 
0 


" 
" 


0 
" 
" 
~ 
~ 
~~ 
(Jl 
~ 
~ 
'" 
(Jl 
(Jl 
8 
~ 


"0 ~ 
0 
u 
0 
• 


~ 
~ 
~ 
(Jl 
(Jl 
(Jl 
(Jl 


Word Driver 
Word Driver 
Word Driver 


Row Decoder 
Row Decoder 
Row Decoder 


Absolute 
Maximum Ratings 


Item 
Voltage on any pin relative to Vss 
Supply voltage relative to Vss 
Short circuit output current 


Power dissipation 
Operating 
temperature 


Storage temperature 


Symbol 
VT 


Vcc 


lout 
PT 


Topr 
Tstg 


Value 
-1.0 to +7.0 


-1.0 to +7.0 


50 
1.0 
o to +70 


-55 to +125 


Unit 
V 


V 
mA 
W 
°C 
°C 
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Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Item 
Symbol 
Min 
Typ 


Vss 
0 
0 
---------------------------- 
Vee 
4.5 
5.0 
VIH 
2.4 


VIL 
-1.0 


VIL 
-2.0 


I/O pin 
Others 


Max 
Unit 
Note 


0 
V 


5.5 
V 
'\ 


6.5 
V 
" 


0.8 
V 
'I 


0.8 
V 
,\ 


DC Characteristics (Ta = 0 to +70°C, vcc = 5V ± 10%, Vss = 0 V ) 


HM514256-8S 
HM514256-10S 
HM514256-12S 


Item 
Symbol 
HM514256A-8 
HM514256A-1O 
HM514256A-12 
Unit 
Test Conditions 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


Operating 
leel 
66 
55 
47 
mA 
RAS, CAS cycling 
-I. -2 


current 
IRe= Min 


2 
2 
2 
"RAS,CAS 
= VIH 
TTL 
Standby current 
lee 
mA 
Dout = High-Z 
interface 


RAS, CAS ~ 


Vce-0.2 
V 
CMOS 


Dout = High-Z 
interface 


RAS-on1y 
leCl 
66 
55 
47 
mA 
IRe= Min 
'2 


refresh current 


RAS = VIH 
Standby current 
lees 
5 
5 
5 
mA 
CAS = VIL 
'I 


Dout = enable 
CAS-before-RAS 
lea; 
66 
55 
47 
mA 
IRe= Min 
refresh current 


Fast page mode 
leC7 
55 
55 
47 
mA 
!PC = Min 
-I. -3 


current 
Input leakage 
ILl 
-10 
10 
-10 
10 
-10 
10 
llA 
OVSVinS 
7 V 
current 
Output leakage 
ILo 
-10 
10 
-10 
10 
-10 
10 
llA 
o V S VoutS 
7 V 
current 
Dout = disable 
Output high 
VOH 
2.4 
Vee 
2.4 
Vee 
2.4 
Vee 
V 
High lout = -5 mA 
voltage 
Output low 
VOL 
0 
0.4 
0 
0.4 
0 
0.4 
V 
Low lout = 4.2 mA 
voltage 


Notes: 
"I. Ice depends on output loading condition when the device is selected. 


Ice malt is specified at the output open condition. 
"2. Address can be changed less than three times while RAS = Vn.. 
"3. Address can be changed once or less while CAS = VIH. 
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Capacitance 
(Ta = 25°C, VCC = 5 V ± 10%) 


Item 
Symbol 
Typ 
Max 
Unit 
Note 


Address 
Cn 
5 
pF 
,\ 


Input capacitance 
Clock 
CI2 
7 
pF 
" 


Input/Output 
capacitance 
Data input/Data 
output 
ClIO 
10 
pF 
-1, -2 


Notes: 
*1. 
Capacitance 
measured 
with Boonton 
Meter or effective 
capacitance 
measuring 
method. 
*2. CAS = Vrn to disable 
Doul. 


AC Characteristics 
(Ta = 0 to +70°C, Vcc = 5 V ± 10%, Vss = 0 V)'14 
Test Conditions 
Input rise and fall times: 
5 ns 


Input timing reference 
levels: 
0.8 V, 2.4 V 


2TTL Gate + CL (100 pF) 
(Including 
scope and jig) 


Read, Write, Read-Modify-Write 
and Refresh Cycles (Common Parameters) 


HM514256-8S 
HM514256-IOS 
HM514256-12S 


Item 
Symbol 
HM514256A-8 
HM514256A-IO 
HM514256A-12 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
Random read or write cycle time 
IRC 
160 
190 
220 
ns 


RAS precharge 
time 
lRP 
70 
80 
90 
ns 


RAS pulse width 
IRAS 
80 
1סס oo 
100 
10000 
120 
10000 
ns 
CAS pulse width 
leAS 
25 
1סס oo 
25 
1סס oo 
30 
1סס oo 
ns 


Row address setup time 
tASR 
0 
0 
0 
ns 


Row address hold time 
IRAH' 
12 
15 
15 
ns 


Column address setup time 
tASC 
0 
0 
0 
ns 


Column address hold time 
tCAH 
20 
20 
25 
ns 


RAS to CAS delay time 
IRCD 
22 
55 
25 
75 
25 
90 
ns 
" 


RAS to column address delay time 
IRAD 
17 
40 
20 
55 
20 
65 
ns 
'9 


RAS hold time 
IRSH 
25 
25 
30 
ns 


CAS hold time 
tCSH 
80 
100 
120 
ns 


CAS to RAS precharge 
time 
tcRP 
10 
10 
10 
ns 


OE to Din delay time 
toDD 
20 
25 
30 
ns 


OE delay time from Din 
IDZO 
0 
0 
0 
ns 


CAS delay time from Din 
IDZC 
0 
0 
0 
ns 


Transition 
time (rise and fall) 
rr 
3 
50 
3 
50 
3 
50 
ns 
-I. ·7 


Refresh period 
lREP 
8 
8 
8 
ms 
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HM514256S 
series, 
HM514256A 
series 


Read Cycle 


HM514256-8S 
HM514256-10S 
HM514256-12S 


Item 
Symbol 
HM514256A-8 
HM5l4256A-10 
HM514256A-12 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


Access time from RAS 
tRAC 
80 
100 
120 
ns 
-2. -3 


Access time from CAS 
tcAC 
25 
25 
30 
ns 
-3.•.• 


Access time from Address 
tAA 
40 
45 
55 
ns 
-3. ·S 


Access time from OE 
toAC 
25 
25 
30 
ns 


Read command 
setup time 
tRes 
0 
0 
0 
ns 


Read command 
hold time to CAS 
tROI 
0 
0 
0 
ns 


Read command 
hold time to RAS 
tRRH 
10 
10 
10 
ns 


Column address to RAS lead time 
tRAL 
40 
45 
55 
ns 
Output buffer turn-off time 
toFFI 
20 
25 
30 
ns 
'6 


Output buffer turn-off to OE 
tOFF2 
20 
25 
30 
ns 
'6 


CAS to Din delay time 
tcoD 
20 
25 
30 
ns 


Write Cycle 


HM514256-8S 
HM514256-10S 
HM514256-12S 


Item 
Symbol 
HM5l4256A-8 
HM514256A-I0 
HM514256A-12 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
Write command 
setup time 
twes 
0 
0 
0 
ns 
'10 


Write command 
hold time 
twOl 
20 
20 
25 
ns 
Write command 
pulse width 
twP 
15 
15 
20 
ns 
Write command 
to RAS lead time 
tRWL 
25 
25 
30 
ns 
Write command 
to CAS lead time 
tCWL 
25 
25 
30 
ns 
Data-in setup time 
tos 
0 
0 
0 
ns 
'II 


Data-in hold time 
toH 
20 
20 
25 
ns 
'II 


Read-Modify-Write 
Cycle 


HM514256-8S 
HM5l4256-10S 
HM514256-12S 
Item 
Symbol 
HM514256A-8 
HM514256A-1O 
HM514256A-12 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
Read-write 
cycle time 
tRwc 
220 
255 
295 
ns 
RAS to WE delay time 
tRWD 
110 
135 
160 
ns 
'10 


CAS to WE delay time 
tcwo 
55 
60 
70 
ns 
'10 


Column address to WE delay time 
tAWD 
70 
80 
95 
ns 
"0 


OE hold time from WE 
tOEH 
25 
25 
30 
ns 
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HM514256-8S 
HM514256-10S 
HM514256-12S 


Symbol 
HM514256A-8 
HM514256A-10 
HM5l4256A-12 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


tcsR 
10 
10 
10 
ns 


toIR 
20 
20 
25 
ns 


tRPc 
10 
10 
10 
ns 


CAS setup 
time 


(CAS-before-RAS 
refresh 
cycle) 
CAS hold 
time 


(CAS-before-RAS 
refresh 
cycle) 


RAS 
precharge 
to CAS 
hold 
time 


HM514256-8S 
HM514256-10S 


HM514256A-8 
HM514256A-10 


Min 
Max 
Min 
Max 


55 
55 


10 
10 


HM514256-12S 


HM514256A-12 


Min 
Max 


65 
15 


Fast 
page 
mode 
cycle 
time 
1PC 


Fast 
page 
mode 
CAS 
precharge 
time 
teP 


Fast 
page 
mode 
RAS 
pulse 
width 
£RASC 


Access 
time 
from 
CAS 
precharge 
lAC!' 


RAS 
hold 
time 
from 
CAS 
precharge 
tRH<P 


Fast 
page 
mode 
read-write 
cycle 
time 
lPcM 


Notes: 
*1. 
AC measurements 
assume 
tT= 5ns. 
*2. 
Assumes that tRCDS tRCD(max) and tRADS tRAD(max). If tRCDor IRADis greater than the maximum 
recommended 
value shown 
in this table, IRACexceeds 
the value shown. 
*3. 
Measured 
with a load circuit equivalent 
to 2T11..loads 
and lOOpF. 
*4. 
Assumes 
that IRCD2: tRCD(max) and tRAD S IRAD(max). 


*5. 
Assumes 
that tRCD S tRCD(max) and tRAD 2: IRAD(max). 
*6. 
IOFF (max) is defined as the time at which the output achieves the open circuit condition 
and is not referenced 
to output voltage 
levels. 
*7. Transition 
times are measured 
between 
VDi and VIL. 


*S. Operation 
with the tRCD(max) limit insures 
that tRAC(max) can be met, tRCD(max) is specified 
as a reference 
point only, if 


IRCDis greater than the specified 
IRCD(max) limit, then access time is controlled 
exclusively 
by tCAC. 
*9. Operation 
with the tRAD(max) limit insures 
that tRAC(max) can be met, tRAD(max) is specified 
as a reference 
point only, if 


IRADis greater 
than the specified 
tRAD(max) limit, then access time is controlled 
exclusively 
by tAA. 
*10. 
twcs, 
IRWD, tCWO and tAWD are not restrictive 
operating 
parameters. 
They 
are included 
in the data 
sheet 
as electrical 


characteristics 
only: if twCS 2:twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high 
impedance) 
throughout 
the entire cycle; if IRWD2:tRWD(min), tCWD2:tcwo (min) and tAWD2:tAWD(min), the cycle is a read- 
write and the data output 
will contain 
data read from the selected 
cell; if neither of the above 
sets of conditions 
is satisfied, 
the condition 
of the data out (at access time) is indeterminate. 
*11. 
These parameters 
are referenced 
to CAS leading edge in early write cycles and to WE leading 
edge in delayed 
write or read- 


modify-write 
cycles. 
*12. 
IRASCis determined 
by RAS pulse width in fast page mode cycles. 


*13. 
Access time is determined 
by the longer of tAA.tCACortAC!'. 


*14. 
An initial pause of 100 !IS is required after power-up 
followed 
by eight or more initialization 
cycles (any combination 
of cycles 
containing 
RAS clock such as RAS-only 
refresh). If the internal refresh counter is used, eight or more CAS-before-RAS 
refresh 
cycles are required. 
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Timing Waveforms 
Read Cycle 
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DE: Don't 
cart: 


lWCS ~ lWCS (min) 


~ 
: Don't cut: 
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OE, 
WE: Don't care 


~ 
: Don't 
care 
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Adduss,Din, 
WE : Don't 
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Dout: Hi.h-Z 
~:Don'tcare 
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OE : Don't care 


~ 
: Don't care 
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HM514256S 
series, 
HM514256A 
Series 
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HM514256API/ AJPI/ AZPI-6/7/8/10/12 
- Preliminary 


(Extended Temperature Range Version) 


262,144-Word 
x 4-Bit 
Dynamic 
Random 
Access 
Memory 


• 
DESCRIPTION 


The Hitachi 
HM514256A 
is a CMOS 
dynamic 
RAM organized 


262,144-word 
x 
4-bit. 
HM514256A 
has 
realized 
higher 
density, 


higher 
performance 
and 
various 
functions 
by employing 
1.31'm 


CMOS process technology 
and some new CMOS circuit design tech- 


nologies. 
The HM514256A 
offers Fast Page Mode as a high speed 


access mode. 
Multiplexed 
address input permits HM514256A to be packaged 
in 


standard 20-pin plastic DIp, 20-pin plastic SOJ and 20-pin plastic ZIP. 


• 
FEATURES 


• Single 5V (± 10%) 
• High Speed 


Access Time 
60/70/80/100/120ns 
(max.) 


• Low Power Dissipation 
Active Mode 
.495/440/363/303/259mW 
(max.) 


Standby 
Mode 
11mW (max.) 


• Fast Page Mode Capability 
• 512 Refresh Cycles 
(8 ms) 


• 2 Variations 
of Refresh 
RAS-Only 
Refresh 


CAS-Before-RAS 
Refresh 


Part No. 
Access 
Package 


HM514256API-6 
60ns 
HM514256API-7 
70ns 
300 mil 20 pin 


HM514256API-8 
80ns 
Plastic DIP 


HM514256API-1O 
lOOns 
(DP-20NA) 
HM514256API-12 
120ns 


HM514256AJPI-6 
60ns 
HM514256AJPI-7 
70ns 
300 mil 20 pin 


HM514256AJPI-8 
80ns 
Plastic SOJ 


HM514256AJPI-1O 
lOOns 
(CP-20D) 
HM514256AJPI-12 
120ns 


HM514256AZPI-6 
60ns 
HM514256AZPI-7 
70ns 
400 mil 20 pin 


HM514256AZPI-8 
80ns 
Plastic ZIP 


HM514256AZPI-1O 
lOOns 
(ZP-20) 
HM514256AZPI-12 
120ns 


~ 


(DP-20NA), 


(CP-20D)# 


(ZP-20) 


Pin Name 
Function 


~-A8 
Address 
Input 


~-A8 
Refresh 
Address 
Input 


1/0)-1/04 
Data-In/Data-Out 


RAS 
Row Address 
Strobe 


CAS 
Column 
Address 
Strobe 


WE 
Write Enable 


OE 
Output 
Enable 


Vcc 
Power 
Supply (+5.0V) 


Vss 
Ground 


@HITACHI 


Hitachi America, Ltd.• 
Hitachi Plaza· 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 


• 


HM514256APIIAJPIIAZPI·6/7/8/10/12 
--------------------- 


• 
PIN ARRANGEMENT 


• HM514256AP 
Series 


1/01 
VSS 


1/02 
1/04 
1~1 


WE 
1/03 
1~2 
2 
19 1~4 


CAS 
WE 
3 
181m 
RAS 
RAS 
4 
17 CAS 


NC 
OE 
NC 
5 
16 OE 


Ao 
As 


Al 
A7 
Ao 
6 
18 
15 A8 


Al 
7 
17 
14 A7 


A2 
A6 
A2 
8 
16 
13 A6 


A3 
As 
A3 
9 
15 
12 A5 


VCC 
A4 
Vccl0 
14 
11 A4 


(Top View) 
(Top View) 


• 
BLOCK DIAGRAM 


CAS 


V04 


VOl 


WE 


NC 


Al 


A3 


A4 
16 


A6 
18 


As 
20 


RAS 
CAS 
WE 
OE 


~ 
l$ 
CiraJ~ 
CiraJ~ 


VOl 
V02 
V03 
V04 
I L() Buffer I 
I L() Buffer I 


~ 


en 
en 
en 
en 


::> 
::> 
::> 
::> 
CD 
CD 
CD 
CD 
CD 
CD 
(j) 
256k 
~ .~ ~ 
256k 
(j)(j) 
256k 
~ 
.1: ~ 
256k 
(j) 
0 
all a 
all 
00 
all a 
all 
0 
~ 
Memory 
(j) 
all (j) 
Memory ~ ~ 
Memory 
(j) all 
(j) 
Memory ~ 
~ 
Cell 
0 
CD 0 
Cell 
I~ ~ 
Cell 
0 
CD 0 
Cell 
~ 
ci. 
~ 
." ~ 
lei ei 
~ 
." ~ 
ci. 


E 
Array 
~ 8 ~ 
Array 
E E 
hray 
~ 8 ~ 
hray 
E 
< 
CD 
< < 
'" 
< 
CD 
ci. a 
ci. 
CD 
CD 
ci. a 
ci. 


'" 
en 
E 
c: 
E 
en 
en 
E 
c: 
E 
en 
c: 
< 
E < 
c: 
c: 
< 
E < 
c: 
CD 
::> 
CD 
CI) 
::> 
'" 
C/) 
CI) 8 


CI) 
c/)c/) 
CI) 8 


CI) 
C/) 
en 
en 
en 
en 
c: 
c: 
c: 
c: 
CI) 
CI) 
CI) 
CI) 
C/) 
C/) 
C/) 
C/) 


~ 
WcxdDriver 
WcxdDriver 
WcxdDriver 
WcxdDriver 
-r fb,y Decoder 
fb,y Decode 
fb,y Decoder 
RC1N Decoder 


Row Address 
Buffer 
I 
Icolumn 
Address 
BUfferl 
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1 OE 


3 
1103 


5 
Vss 
7 
1102 


9 
RAS 


11 Ao 


13 A2 


15Vcc 


17 As 


19 A7 


Parameter 
Symbol 
Value 
Unit 


Voltage on Any Pin Relative 
to V 55 
VT 
-1.0 
to +7.0 
V 


Supply 
Voltage 
Relative 
to V55 
VCC 
-1.0 
to +7.0 
V 


Short 
Circuit 
Output 
Current 
lout 
50 
mA 


Power Dissipation 
PT 
1.0 
W 


Operating 
Temperature 
Toor 
-40 to +85 
°C 


Storage 
Temperature 
Tstg 
-55 to + 125 
°C 


• 
ELECTRICAL 
CHARACTERISTICS 


• Recommended 
DC Operating 
Conditions 
(T. = -40 to +85°C) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


V55 
0 
0 
0 
V 


Supply 
Voltage 


Vcc 
4.5 
5.0 
5.5 
V 
I 


Input High Voltage 
VIH 
2.4 
- 
6.5 
V 
I 


I (I/O Pin) 
VIL 
-1.0 
- 
0.8 
V 
1 


Input Low Voltage 
I (Others) 
VIL 
-2.0 
- 
0.8 
V 
1 


514256A-6 
514256A-7 
514256A-8 514256A-10 514256A-12 
Parameter 
Symbol 
Test Conditions 
Unit 
Note 


Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 


Operating Current 
ICCI 
tRc = min. 
- 
90 - 
80 - 
66 
- 
55 - 
47 
mA 
1,2 


TTL Interface 
RAS, CAS = V1H 
- 
2 
- 
2 
- 
2 
- 
2 
- 
2 
mA 


Standby Current 


Oou1 = High·Z 


ICC2 
CMOS Interface 
RAS, CAS ;e VCC-0.2V 
- 
I 
- 
I - 
I - 
I 
- 
I 
mA 
OOU1= High-Z 


RAS-Only 
ICC) 
tRC = min. 
- 
90 - 
80 - 
66 - 
55 - 
47 
mA 
2 
Refresh Current 


Standby Current 
Iccs 
RAS = V1H'CAS = V1L - 
5 
- 
5 
- 
5 
- 
5 
- 
5 
mA 
I 
Oou1 = Enable 


CAS·Before·RAS 
ICC6 
tRC= min. 
- 
80 - 
70 - 
66 - 
55 - 
47 
mA 
Refresh Current 


Fast Page 
Icc7 
tpc = min. 
- 
80 - 
70 - 
55 - 
55 
- 
47 
mA 
1,3 
Mode Current 


Input Leakage 
ILl 
OV :S V1N :S 7V 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
~A 
Current 


Output Leakage 
ILO 
OV :S VOU1:S 7V 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
~A 
Current 
Dou1 = Disable 


Output High 
VOH 
High lou1 = -5 mA 
2.4 
Vec 
2.4 
Vee 
2.4 
Vee 
2.4 
Vee 
2.4 
Vee 
V 
Voltage 


Output Low Voltage 
VOL 
Low lou1 = 4.2mA 
0 
0.4 
0 
0.4 
0 
0.4 
0 
0.4 
0 
0.4 
V 


NOTES: 
1. Ice depends on output load condition when the device is selected, Ice max. is specified at the output open condition. 


2. Address can be changed less than three times while RAS = VIL. 


3. Address can be changed once or less while CAS = VIH. 
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Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Input Capacitance 
(Address) 
CII 
- 
5 
pF 
1 


Input Capacitance 
(Clocks) 
CI2 
- 
7 
pF 
1 


Output Capacitance 
(Data-In, 
Data-Out) 
CliO 
- 
10 
pF 
1,2 


NOTES: 
I. Capacitance 
measured 
with Boonton 
Meter or effective 
capacitance 
measuring 
method. 


2. CAS = VIH to disable 0001 • 


• 
AC CHARACTERISTICS 
(Ta = --40°C to 85°C, 
Vcc = 5V ± 10%, Vss = OV)(I), (14) 


• Read, Write, Read-Modify-Write 
and Refresh Cycles (Common 
Parameters) 


514256A-6 
5I4256A-7 
514256A-8 
514256A-IO 
514256A-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Random Read or Write Cycle Time 
IRC 
120 
- 
130 
- 
160 
- 
190 
- 
220 
- 
ns 


RAS Precharge Time 
IRP 
50 
- 
50 
- 
70 
- 
80 
- 
90 
- 
ns 


RAS Pulse Width 
IRAS 
60 
1ססoo 
70 
1ססoo 
80 
1ססoo 
100 
1ססoo 
120 
1ססoo 
ns 


CAS Pulse Width 
leAS 
20 
1ססoo 
20 
1ססoo 
25 
1ססoo 
25 
1ססoo 
30 
!OOOO 
ns 


Row Address Set-Up Time 
IASR 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Row Address Hold Time 
IRAH 
10 
- 
10 
- 
12 
- 
15 
- 
15 
- 
ns 


Column Address Set-Up Time 
IASC 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Column Address Hold Time 
leAH 
15 
- 
15 
- 
20 
- 
20 
- 
25 
- 
ns 


RAS to CAS Delay Time 
IRCD 
20 
40 
20 
50 
22 
55 
25 
75 
25 
90 
ns 
8 


RAS to Column Address 
IRAD 
15 
30 
15 
35 
17 
40 
20 
55 
20 
65 
ns 
9 
Delay Time 


RAS Hold Time 
IRSH 
20 
- 
20 
- 
25 
- 
25 
- 
30 
- 
ns 


CAS Hold Time 
leSH 
60 
- 
70 
- 
80 
- 
100 
- 
120 
- 
ns 


CAS to RAS Precharge Time 
leRP 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


514256A-6 
514256A-7 
514256A-8 
514256A-IO 
514256A-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


OE to DIN Delay Time 
1000 
20 
- 
20 
- 
20 
- 
25 
- 
30 
- 
ns 


OE Delay Time From DIN 
IDZO 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


CAS Delay Time From DIN 
IDZC 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Transition Time (Rise and Fall) 
tT 
3 
50 
3 
50 
3 
50 
3 
50 
3 
50 
ns 
7 


Refresh Period 
tREF 
- 
8 
- 
8 
- 
8 
- 
8 
- 
8 
ms 
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514256A-6 
514256A-7 
514256A-8 
514256A-IO 
514256A-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Access 
Time From 
RAS 
tRAe 
- 
60 
- 
70 
- 
80 
- 
100 
- 
120 
ns 
2,3 


Access 
Time From 
CAS 
!cAC 
- 
20 
- 
20 
- 
25 
- 
25 
- 
30 
ns 
3,4 


Access 
Time From 
Address 
tAA 
- 
30 
- 
35 
- 
40 
- 
45 
- 
55 
ns 
3,5 


Access 
Time From 
OE 
to..c 
- 
20 
- 
20 
- 
25 
- 
25 
- 
30 
ns 


Read Command 
Set-Up 
Time 
tRcs 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Read Command 
Hold Time to CAS 
tRCH 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


Read Command 
Hold Time to RAS 
tRRH 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


Column 
Address 
to RAS Lead Time 
tRAL 
- 
30 
- 
35 
- 
40 
- 
45 
- 
55 
ns 


Output 
Buffer 
'fiIrn-Off 
Time 
toFF' 
- 
20 
- 
20 
- 
20 
- 
25 
- 
30 
ns 
6 


Output 
Buffer 
'fiIrn-Off 
to OE 
toFF2 
- 
20 
- 
20 
- 
20 
- 
25 
- 
30 
ns 
6 


CAS to D'N Delay Time 
!coo 
20 
- 
20 
- 
20 
- 
25 
- 
30 
- 
ns 


514256A-6 
514256A-7 
514256A-8 
514256A-IO 
514256A-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Command 
Set-Up 
Time 
twcs 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
10 


Write Command 
Hold Time 
tWCH 
15 
- 
15 
- 
20 
- 
20 
- 
25 
- 
ns 


Write Command 
Pulse Width 
twP 
10 
- 
10 
- 
15 
- 
15 
- 
20 
- 
ns 


Write Command 
to RAS Lead Time 
tRwL 
20 
- 
20 
- 
25 
- 
25 
- 
30 
- 
ns 


Write Command 
to CAS Lead Time 
lewL 
20 
- 
20 
- 
25 
- 
25 
- 
30 
- 
ns 


Data-In 
Set-Up 
Time 
tDS 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
II 


Data-In 
Hold Time 
tDH 
15. 
- 
15 
- 
20 
- 
20 
- 
25 
- 
ns 
II 


514256A-6 
514256A·7 
514256A-8 
514256A-10 
514256A·12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read-Write 
Cycle Time 
tRwC 
170 
- 
180 
- 
220 
- 
255 
- 
295 
- 
ns 


RAS to WE Delay Time 
tRwD 
85 
- 
95 
- 
110 
- 
135 
- 
160 
- 
ns 
10 


CAS to WE Delay Time 
leWD 
45 
- 
45 
- 
55 
- 
60 
- 
70 
- 
ns 
10 


Column 
Address 
to WE Delay Time 
tAWD 
55 
- 
60 
- 
70 
- 
80 
- 
95 
- 
ns 
10 


OE Hold Time From WE 
toEH 
20 
- 
20 
- 
25 
- 
25 
- 
30 
- 
ns 


514256A-6 
514256A-7 
514256A·8 
514256A-10 
514256A-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS Set-Up 
Time 


leSR 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 
(CAS-Before-RAS 
Refresh 
Cycle) 


CAS Hold Time (CAS-Before-RAS 
leHR 
15 
- 
15 
- 
20 
- 
20 
- 
25 
- 
ns 
Refresh 
Cycle) 


RAS Precharge 
to CAS Hold Time 
tRPC 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 
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514256A-6 
514256A-7 
514256A-8 
514256A-I0 
514256A-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Fast Page Mode Cycle Time 
tpc 
45 
- 
50 
- 
55 
- 
55 
- 
65 
- 
ns 


Fast Page Mode CAS Prechan Time 
tep 
10 
- 
10 
- 
10 
- 
10 
- 
15 
- 
ns 


Fast Page Mode RAS Pulse Width 
tRASC 
- 
10ססoo 
- 
10ססoo 
- 
10ססoo 
- 
10ססoo 
- 
10ססoo 
ns 
12 


Access Time From CAS Precharge 
tACP 
40 
- 
45 
- 
50 
- 
50 
- 
60 
- 
ns 


RAS Hold Time From 
tRHCP 
40 
- 
45 
- 
50 
- 
50 
- 
60 
- 
ns 
CAS Precharge 


Fast Page Mode Read-Write 
tpc •• 
95 
- 
100 
- 
110 
- 
115 
- 
135 
- 
ns 
Cycle Time 


I. AC measurements 
assume 
tT = 5ns. 


2. Assumes 
thattRcD 
:S tRCD(max.) 
and tRAD :S tRAD (max.). 
IftRCD or tRAD is greater 
than the maximum 
recommended 
value shown in this table, tRACexceeds 
the value shown. 


3. Measured 
with a load circujUquivalentto 
2TIL 
loads and lOOpF. 


4. Assumes 
thattRcD 
2: tRCD (max.) 
and tRAD :S tRAD (max.). 


5. Assumes 
thattRcD 
:S tRCD(max.) 
and tRAD 2: tRAD(max.). 


6. toFF (max.) 
defines the time at which the output achieves the open circuit 
condition 
and is not referenced 
to output 
voltage levels. 


7. VIH (min.) 
and VIL (max.) 
are reference 
levels for measuring 
timing of input signals. 
Also, transition 
times are 
measured 
between 
VIH and VIL. 


8. Operation 
with the tRCD (max.) 
limit insures that tRAC (max.) 
can be met, tRCD (max.) 
is specified 
as a reference 
point only, if tRCDis greater 
than the specified 
tRCD(max.) 
limit, then access time is controlled 
exclusively 
bY !cAC. 


9. Operation 
with the tRAD(max.) 
limit insures that tRAC (max.) 
can be met, tRAD (max.) 
is specified 
as a reference 


point only, if tRADis greater 
than the specified 
tRAD(max.) 
limit, then access time is controlled 
exclusively 
bY tAA. 


10. twcs, 
tRWD, tcwD and tAWDare not restrictive 
operating 
parameters. 
They are included 
in the data sheet as electrical 
characteristics 
only: if twcs 
2: twcs (min.), 
the cycle is an early write cycle and the data out pin will remain open 


circuit 
(high impedance) 
throughout 
the entire cycle; 
iftRwD 
2: tRwD (min.), 
!cWD 2: !cWD (min.) 
and tAWD 2: 
tAwD (min.), 
the cycle is a read-write 
and the data output will contain 
data read from the selected 
cell; if neither 
of 


the above sets of conditions 
is satisfied, 
the condition 
of the data out (at access time) is indeterminate. 


II. 
These parameters 
are referenced 
to CAS leading edge in early write cycles and to WE leading 
edge in delayed 
write 
or read-modify-write 
cycles. 


12. tRASCdefines 
RAS pulse width in fast page mode cycles. 


13. Access time is determined 
bY the longer of tAA or !cAC or tACP. 


14. An initial pause of 100 J'S is required 
after power up followed bY a minimum 
of eight initialization 
cycles (any 
combination 
of cycles containing 
RAS clock such as RAS-only 
refresh). 
If the internal 
refresh counter 
is used, a 
minimum 
of eight CAS-before-RAS 
refresh cycles are required. 
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• 
TIMING 
WAVEFORMS 


• Read Cycle 


tCAC 


tAA 


tRAC 
tozc 
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tRSH 
teAs 


OE 
: Don't care 


• ~ 
: Don't care 
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IRSH 


ICAS 
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IRHCP 


lASH 
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tCSH 


tRCD 


tpc 


tcp 
~ 
tCRP~ 
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tCSH 


tRCD 


tRSH 


tCAS 


tRP 


tCRP 
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tM 


tOAC 


1 
~ 
: Don'! care 
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HM514256ALPI ALJPI ALZP-8/10/12 - Preliminary 


262,144-Word 
x 4-Bit Dynamic 
Random Access Memory 


• 
DESCRIPTION 


The 
Hitachi 
HM514256ALP/ALJP/ALZP 
family 
is a CMOS 
dy- 
namic RAM organized 
262,144-word 
x 4-bit. HM514256ALP/ALJPI 
ALZP has realized 
higher density, 
higher performance 
and various 


functions 
by employing 
1.3!,m CMOS process technology 
and some 
new CMOS circuit 
design technologies. 
The HM514256ALP/ALJPI 
ALZP offers Fast Page Mode as a high speed access mode. 
Multiplexed 
address input permits 
HM514256ALP/ALJP/ALZP 
to 
be packaged 
in standard 
20-pin plastic 
DIP, 20-pin plastic SOJ and 
20-pin plastic ZIP. 


• 
FEATURES 


• Single 5V (± 10%) 
• High Speed 
Access Time 
80/100/120ns 
(max.) 


• Low Power Dissipation 


Active Mode 
363/303/259mW 
(max.) 


Standby 
Mode 
1.7mW(max.) 
• Fast Page Mode Capability 
• 512 Refresh Cycles 
(64 ms) 
• 2 Variations 
of Refresh 


RAS-Only 
Refresh 


CAS-Before-RAS 
Refresh 


Part No. 
Access 
Package 


HM5l4256ALP-8 
80ns 
300 mil 20 pin 
HM5l4256ALP-1O 
lOOns 
Plastic DIP 


HM5l4256ALP-12 
l20ns 
(DP-20NA) 


HM5l4256AUP-8 
80ns 
300 mil 20 pin 
HM5l4256AUP-1O 
lOOns 
Plastic SO] 


HM5l4256AUP-12 
l20ns 
(CP-20D) 


HM5l4256ALZP-8 
80ns 
400 mil 20 pin 


HM5l4256ALZP-lO 
lOOns 
Plastic ZIP 


HM5l4256ALZP-12 
l20ns 
(ZP-20) 


Pin Name 
Function 


Ao-As 
Address 
Input 


Ao-As 
Refresh 
Address 
Input 


I/Ot-I/O. 
Data-In/Data-Out 


RAS 
Row Address 
Strobe 


CAS 
Column 
Address 
Strobe 


WE 
Write Enable 


OE 
Output 
Enable 


Vcc 
Power 
Supply (+5.0V) 


Vss 
Ground 
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HM514256ALP/ALJP/ALZP·8110/12 
------------'------------- 


• 
PIN ARRANGEMENT 


• HM514256ALP 
Series 


1/01 
Vss 


1/02 
1/04 
1101 1 
26 
20 Vss 


WE 
1/03 
1102 2 
25 
19 1104 


RAS 
CAS 
WE 
3 
24 
18 1103 


NC 
OE 
RAS 
4 
23 
17 CAS 


NC 
5 
22 
16 OE 


Ao 
As 


Al 
A7 
Ao 
6 
18 
15 AS 


A2 
A6 
Al 
7 
17 
14 A7 


A3 
As 
A2 
8 
16 
13 A6 


A3 
9 
15 
12 AS 
Vcc 
A4 
Vcc 10 
14 
11 A4 


(Top View) 
(Top View) 


• 
BLOCK DIAGRAM 


~ 


~ 
V01 
V02 
I 
I IQBuffer I 
I IQBuffer I 
L..----J 
- 


Ul 
Ul 
Ul 
Ul 
" 
" 
" 
" 
CD 
Q; 
CD 
CD 
Q; 
CD 
Iii 
g .~g 
Iii) fij 
g .~ g 
fij 
0 
256k 
oll 
C 
oll 
256k 
0 0 
256k 
oll 
C 
oll 
256k 
0 
::E 
Memory 
Iii 
oll Iii 
Memory 
::E ::E 
Memory 
'fij 
oll Iii 
Memory 
::E 
~ 
Q; 
I~ ~ 
Q; 
~ 
Cell 
0 
-0 0 
Cell 
19- 9- 
Cell 
0 
-0 0 
Cell 
9- 
<i 


Array 
::E 
8 ::E 
Array 
::E 
8 
::E 
E 
eo. 
eo. 
E 
E 
"'ray 
e:. 
Cl. 
Array 
E 
...:: 
Q) 
...:: ...:: 
Q) 
...:: 


Q) 
<i 
Cl 
<i 
Q) 
Q) 
~ 
Cl 
<i 
Q) 


Ul 
E 
c: 
E 
Ul 
Ul 
E 
c: 
E 
Ul 
c: 
...:: 
E 
...:: 
c: 
c: 
...:: 
E 
...:: 
c: 
Q) 
" 


Q) 
Q) 
" 


Q) 


(J) 
Q) 8 


Q) 
(J)(J) 
Q) 8 


Q) 
(J) 
Ul 
Ul 
Ul 
Ul 
c: 
c: 
c: 
c: 
Q) 
Q) 
Q) 
Q) 


(J) 
(J) 
(J) 
(J) 


---=.i 
WadlJriver 
WadlJriver 
WadlJriver 
WadlJriver 


,. 
RoN Decode 
RoNDecoder 
RoN Decode 
RoN Decode 


I 


Row Address 
Buffer I 
IColumn Address 
Bufferl 
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1 OE 


3 
\103 


5 
Vss 


71102 


9 
RAS 


11 Ao 


13A2 


15Vcc 
HAs 


19A7 


Parameter 
Symbol 
Value 
Unit 


Voltage on Any Pin Relative to VSS 
VT 
-1.0 to +7.0 
V 


Supply Voltage Relative to VSS 
VCC 
-1.0 to +7.0 
V 


Short Circuit Output Current 
lout 
50 
mA 


Power Dissipation 
PT 
1.0 
W 


Operating 
Temperature 
Topr 
o to +70 
°C 


Storage Temperature 
Tst~ 
-55 to + 125 
°C 


• 
ELECTRICAL 
CHARACTERISTICS 


• Recommended 
DC Operating 
Conditions 
(Ta = 0 to + 70°C) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


Vss 
0 
0 
0 
V 
Supply Voltage 
Vcc 
4.5 
5.0 
5.5 
V 
1 


Input High Voltage 
VIH 
2.4 
- 
6.5 
V 
I 


I (I/O Pin) 
V1L 
-1.0 
- 
0.8 
V 
I 
Input Low Voltage 
I (Others) 
V1L 
-2.0 
- 
0.8 
V 
I 


HM5l4256AL-8 
HM5l4256AL-IO HM5l4256AL-12 
Parameter 
Symbol 
Test Conditions 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Operating Current 
ICCI 
tRC = min. 
- 
66 
- 
55 
- 
47 
mA 
1.2 


TTL Interface RAS. 
CAS = VIH. 
- 
2 
- 
2 
- 
2 
mA 


Standby Current 
ICC2 
DOUT = High Z 


CMOS Interface RAS. 
CAS 2: VCC - 0.2V 
- 
300 
- 
300 
- 
300 
",A 
DOUT = High Z 


RAS-Only Refresh 
ICC3 
tRC = min. 
- 
66 
- 
55 
- 
47 
mA 
2 
Current 


Battery Back-Up 
ICC4 
tRC = ~s.CAS 
- 
300 
- 
300 
- 
300 
",A 
4 
Current 
Before RAS Cycling 


RAS = VIH. 


Standby Current 
ICC5 
CAS = VIL. 
- 
5 
- 
5 
- 
5 
mA 
I 
DOUT = Enable 


CAS-Before-RAS 
ICC6 
tRC = Min. 
66 
55 
47 
mA 
I 
Refresh Current 
- 
- 
- 


Fast Page Mode Current 
ICC7 
tpc = Min. 
- 
55 
- 
55 
- 
47 
mA 
1.3 


Input Leakage Current 
ILl 
OV :5 VIN :5 7V 
-10 
10 
-10 
10 
-10 
10 
",A 


Output Leakage Current 
ILO 
OV :5 VOUT :5 7V 
-10 
10 
-10 
10 
-10 
10 
",A 
DOUT = Disable 


Output High Voltage 
VOH 
High lOUT = -5mA 
2.4 
VCC 
2.4 
VCC 
2.4 
VCC 
V 


Output Low Voltage 
VOL 
Low lOUT = 4.2 mA 
0 
0.4 
0 
0.4 
0 
0.4 
V 


NOTES: 
1. Ice depends on output load condition when the device is selected. Ice max. is specified at the output open condition. 
2. Address can be changed less than three times while RAS = VIL. 
3. Address can be changed once or less while CAS = VIH. 


4. tRAS= tRASmin. to I "'s 
Input voltage: I/O pin 
2: Vee - O.2Vor :5 O.2V or open; Others 2: Vee - O.2V or ltet O.2V 
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Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Input Capacitance 
(Address) 
CII 
- 
5 
pF 
I 


Input Capacitance 
(Clocks) 
Cu 
- 
7 
pF 
I 


Output Capacitance 
(Data-In, 
Data-Out) 
CliO 
- 
10 
pF 
1,2 


NOTES: 
1. CapaciUlnce 
measured 
with Boonton 
Meter or effective 
capaciUlnce 
measuring 
method. 


2. CAS = VIH to disable ooul • 


• 
AC CHARACTERISTICS 
(T. = OOCto 700C, 
Vcc = 5V ± 10%, Vss = OV)(I), (14) 


• Read, Write, Read-Modify-Write 
and Refresh Cycles (Common 
Parameters) 


HM514256AL-8 
HM514256AL-IO 
HM514256AL-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Random Read or Write Cycle Time 
tRC 
160 
- 
190 
- 
220 
- 
ns 


RAS Precharge 
Time 
tRP 
70 
- 
80 
- 
90 
- 
ns 


RAS Pulse Width 
tRAS 
80 
1ססoo 
100 
1ססoo 
120 
1ססoo 
ns 


CAS Pulse Width 
teAS 
25 
1ססoo 
25 
1ססoo 
30 
1ססoo 
ns 


Row Address Set-Up Time 
tASR 
0 
- 
0 
- 
0 
- 
ns 


Row Address Hold Time 
tRAH 
12 
- 
15 
- 
15 
- 
ns 


Column Address Set-Up Time 
tASC 
0 
- 
0 
- 
0 
- 
ns 


Column Address Hold Time 
teAH 
20 
- 
20 
- 
25 
- 
ns 


RAS to CAS Delay Time 
tRCD 
22 
55 
25 
75 
25 
90 
ns 
8 


RAS to Column Address Delay Time 
tRAD 
17 
40 
20 
55 
20 
65 
ns 
9 


RAS Hold Time 
tRSH 
25 
- 
25 
- 
30 
- 
ns 


CAS Hold Time 
teSH 
80 
- 
100 
- 
120 
- 
ns 


CAS to RAS Precharge 
Time 
teRP 
10 
- 
10 
- 
10 
- 
ns 


HM514256AL-8 
HM514256AL-IO 
HM514256AL-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


OE to DIN Delay Time 
IoDD 
20 
- 
25 
- 
30 
- 
ns 


OE Delay Time From DIN 
tDZO 
0 
- 
0 
- 
0 
- 
ns 


CAS Delay Time From DIN 
tDZC 
0 
- 
0 
- 
0 
- 
ns 


Transition Time (Rise and Fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
7 


Refresh Period 
tREF 
- 
64 
- 
64 
- 
64 
ms 
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HM514256AL-8 
HM514256AL-IO 
HM514256AL-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Access Time From RAS 
tRAC 
- 
80 
- 
100 
- 
120 
ns 
2,3 


Access Time From CAS 
!cAC 
- 
25 
- 
25 
- 
30 
ns 
3,4 


Access Time From Address 
tAA 
- 
40 
- 
45 
- 
55 
ns 
3,5 


Access Time From OE 
loAC 
- 
25 
- 
25 
- 
30 
ns 


Read Command 
Setup Time 
tRCS 
0 
- 
0 
- 
0 
- 
ns 


Read Command 
Hold Time to CAS 
tRCH 
0 
- 
0 
- 
0 
- 
ns 


Read Command 
Hold Time to RAS 
tRRH 
10 
- 
10 
- 
10 
- 
ns 


Column Address to RAS Lead Time 
tRAL 
40 
- 
45 
- 
55 
- 
ns 


Output Buffer Turn-Off Time 
loFFI 
- 
20 
- 
25 
- 
30 
ns 
6 


Output Buffer Turn-Off to OE 
loFF2 
- 
20 
- 
25 
- 
30 
ns 
6 


CAS to DIN Delay Time 
!cDD 
20 
- 
25 
- 
30 
- 
ns 


HM514256AL-8 
HM514256AL-IO 
HM514256AL-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Command 
Setup Time 
twcs 
0 
- 
0 
- 
0 
- 
ns 
10 


Write Command 
Hold Time 
tWCH 
20 
- 
20 
- 
25 
- 
ns 


Write Command 
Pulse Width 
twP 
15 
- 
15 
- 
20 
- 
ns 


Write Command 
to RAS Lead Time 
tRwL 
25 
- 
25 
- 
30 
- 
ns 


Write Command 
to CAS Lead Time 
!cWL 
25 
- 
25 
- 
30 
- 
ns 


Data-in Setup Time 
tDS 
0 
- 
0 
- 
0 
- 
ns 
11 


Data-in Hold Time 
tDH 
20 
- 
20 
- 
25 
ns 
11 


HM514256AL-8 
HM514256AL-IO 
HM514256AL-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read-Write Cycle Time 
tRWC 
220 
- 
255 
- 
295 
- 
ns 


RAS to WE Delay Time 
tRWD 
110 
- 
135 
- 
160 
- 
ns 
10 


CAS to WE Delay Time 
!cWD 
55 
- 
60 
- 
70 
- 
ns 
10 


Column Address to WE Delay Time 
tAWD 
70 
- 
80 
- 
95 
- 
ns 
10 


OE Hold Time From WE 
loEH 
25 
- 
25 
- 
30 
- 
ns 
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HM514256AL-8 
HM514256AL-IO 
HM514256AL-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS Setup Ti~ 
teSR 
10 
- 
10 
- 
10 
- 
ns 
(CAS-Before-RAS 
Refresh Cycle) 


CAS Hold Time 
teHR 
20 
20 
- 
25 
- 
(CAS-Before-RAS 
Refresh Cycle) 
- 
ns 


RAS Precharge 
to CAS Hold Time 
tRPC 
10 
- 
10 
- 
10 
- 
ns 


HM514256AL-8 
HM514256AL-IO 
HM514256AL-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Fast Page Mode Cycle Time 
tpc 
55 
- 
55 
- 
65 
- 
ns 


Fast Page Mode CAS Precharge Time 
tep 
10 
- 
10 
- 
IS 
- 
ns 


Fast Page Mode RAS Pulse Width 
tRASC 
- 
10ססoo 
- 
10ססoo 
- 
10ססoo 
ns 
12 


Access Time from CAS Precharge 
tAcP 
- 
50 
- 
50 
- 
60 
ns 
13 


RAS Hold Time from CAS Precharge 
tRHCP 
50 
- 
50 
- 
60 
- 
ns 


Fast Page Mode Read-Write Cycle Time 
tpcM 
110 
- 
115 
- 
135 
- 
ns 


NOTES: 
I. AC measurements 
assume 
tT = 5ns. 


2. Assumes 
thattRcD 
,,; tRCD (max.) 
and tRAD ,,; tRAD(max.). 
If tRCDor tRADis greater 
than the maximum 
recommended 
value shown in this table, tRACexceeds 
the value shown. 


3. Measured 
with a load circuit 
equivalent 
to 2 TTL loads and lOOpF. 


4. Assumes 
that tRCD ;;,; tRCD (max.) 
and tRAD ,,; tRAD(max.). 


5. Assumes 
that tRCD ,,; tRCD (max.) 
and tRAD ;;,; tRAD (max.). 


6. toFF (max.) 
defines the time at which the output achieves 
the open circuit condition 
and is not referenced 
to output 
voltage levels. 


7. VIH (min.) 
and VIL (max.) 
are reference 
levels for measuring 
timing of input signals. 
Also, transition 
times are 
measured 
between 
VIH and VIL. 


8. Operation 
with the tRCD (max.) 
limit insures thattRAc 
(max.) 
can be met, tRCD(max.) 
is specified 
as a reference 
point only, if tRCD is greater 
than the specified 
tRCD (max.) 
limit, then access time is controlled 
exclusively 
by !cAC. 


9. Operation 
with the tRAD(max.) 
limit insures thattRAc 
(max.) 
can be met, tRAD (max.) 
is specified 
as a reference 


point only, if tRAD is greater 
than the specified 
tRAD(max.) 
limit, then access time is controlled 
exclusively 
by tAA. 


10. twcs, 
tRWD, !cWD and tAWDare not restrictive 
operating 
parameters. 
They are included 
in the data sheet as electrical 
characteristics 
only: iftwcs 
;;,; twcs (min.), 
the cycle is an early write cycle and the data out pin will remain 
open 
circuit 
(high impedance) 
throughout 
the entire cycle; 
iftRwD 
;;,; tRwD (min.), 
!cWD ;;,; !cWD (min.) 
and tAwD ;;,; 
tAwD (min.), 
the cycle is a read-write 
and the data output will contain 
data read from the selected 
cell; if neither 
of 
the above sets of conditions 
is satisfied, 
the condition 
of the data out (at access time) is indeterminate. 


II. 
These parameters 
are referenced 
to CAS leading edge in early write cycles and to WE leading edge in a delayed 
write 


or a read-modify-write 
cycles. 


12. tRASCdefines RAS pulse width in fast page mode cycles. 


13. Access time is determined 
by the longer of tAA or !cAC or tAC!' 


14. An initial pause of 100 I's is required 
after power up followed by a minimum 
of eight initialization 
cycles (any 
combination 
of cycles containing 
RAS clock such as RAS-only 
refresh). 
If the internal 
refresh counter 
is used, a 
minimum 
of eight CAS-before-RAS 
refresh cycles are required. 
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• 
TIMING 
WAVEFORMS 


• Read Cycle 


tRAC 


tOlC 
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tRSH 


tCAS 


Valid Input 


Hi-Z 


OE 
: Don't care 


• ~ 
: Don't care 
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tRSH 


teAs 
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tRWC 


RAS 


tT 


tRCD 
CAS 


tRAD 
tASR 


tRAC 


tDZC 


Hi-Z 


tOAC 
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Address, Din, WE : Don't care 


Dout: 
High-Z 
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...---... 
"ll 
~ 
~ 
tCSH 
tRHCP 


tT_ 
.... 
tpc 
tRSH 


tRCD 
~ 
tcp 
tCRP 


tCAS 
tCAS 
5 
~ 
'l 
'\ 
Jl' 


tRAH 
tRAL 
- 
tCAH 
tCAH 
tCAH 
tRAD 
tASR 
tASC - 
tASC 
•••• 
tASC 
....• 


••••• 
- 


~ 
Row 
0< 
Col. 


~ 


Col. 
0:ij"-O 
C~~///////,;j 


tRCS 


tRr 
tRC~ 
~ 
tRCH..• 
f- 
r 
rr- 
..- _ 
tRCH 
~////////fl 
~ 
'0 
~ 
:.tDlC 
tDlC 
_ 
tRRH 
tDlC. 
tCOD 
tCOD 
..-- 
tCOD 
////// 
lr 
V7 
7h 
tODD 
~ 
f£ 
-I 
tM 
tCAC 
~ 
tCAC 


tM- 
~ 
tACP 
tACP 
tODD 


tRAC 
tOFF 1 
tOlO 
...--h 
tOFF1 


tOFF1 
~ 


Hi-Z 
,... •.......• 
Hi-Z 
r--"' 
Hi-Z 
Dout 
Dout 
Dout 


tOAC '-~ 
\.........J 
tOFF2 
_ 
~ODD 


tOlO 
tOFF2~ 
~ 
tOFF2 
tOAC 
I 
~ 
)Y"///~ 
.;r////fi 
/ 


tOAC-!- I-- 
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tCSH 


tRCD 


tpc 


tcp 


tRP 


tCRP 
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tCSH 


tRCO 


tRSH 


tCAS 


tRP 


tCRP 
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HM514256H 
Series 


The Hitachi 
HM514256H 
is a CMOS dynamic 
RAM organized 
262144-word 
x 4-bit. 
HM514256H 
has realized 
higher 
density, 


higher 
performance 
and various 
functions 
by employing 
1.3 J.lm 
CMOS technology 
and some new CMOS circuit design technologies. 


The HM514256H 
offers Fast Page Mode as a high speed access 


mode. 


Multiplexed address input permits the HM514256Hto 
be packaged 


in standard 20-pin plastic DIP, 20-pin plastic SOJ and 20-pin plastic 


ZIP. 


Features 


Single 5 V (±10%) 
High speed: 
Access Time 
60 nsflO ns (max) 


Low power: 
Standby 
11 mW (max) 
Active 495 mW/440 mW (max) 
Fast page mode capability 
512 refresh cycles: 
(8 ms) 


2 variations 
of refresh: 
RAS-only 
refresh 
CAS-before-RAS 
refresh 


• HM514256HJP 


Series 


Hitachi 
Pin No. 
IJEn 
NO'j 


I/Ol 
1 
20 Vss 


1/02 2 
9 I/O. 
iVE 3 
81/03 


ill 
• 
7 CAS 


NC 5 
60E 


CAS 2 


I/O< 
• 


1/01 
6 
WE8 


NC 10 


AI12 


A3lf 


A416 


A618 


A820 


1 --....r 
26 


2 
25 
I 


3 
2. 
1 


• 
23 
1 


5 
22 
I 


9 
18 
1 


10 
17 
1 


11 
16 
1 


12 
15 


13 
1. 


A8 


A7 
AD 
6 


AI 
7 


A6 
A2 
8 


A3 
9 
A5 
Vee 10 


•• 


Pin Name 
AO-A8 
AO-A8 


1/01-1/04 


RAS 
CAS 
WE 


OE 
Vcc 
Vss 


Function 


Address input 
Refresh address input 


Data input/Data 
output 
Row address strobe 


Column address strobe 


Write enable 
Output enable 


Power supply (+5 V) 
Ground 
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Ordering 
Information 


Type No. 


HM514256HP-6 


HM514256HP-7 


HM514256HJP-6 
HM514256HJP-7 


HM514256HZP-6 


HM514256HZP-7 


Access Time 
60ns 
70ns 
60ns 


70 ns 
60ns 
70ns 


; 
'" 
I" 
~ 
12. 
~I':;~r 
Amy 
tAm, 
-<~ 
.x 


o 
Ita 
_ 
1280 
Nt.,..,.-:I 
MtMOtJ 


Cd 
. Cd 
Ana, 
E Am, 
< 
~ 
~ 
<"...it" 
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Absolute Maximum Ratings 


Item 
Voltage on any pin relative to Vss 


Supply voltage relative to Vss 


Short circuit output current 


Power dissipation 
Operating 
temperature 


Storage temperature 


Symbol 
VT 


Vcc 


lout 


PT 


Topr 


Tstg 


Value 
-1.0 to +7.0 


-1.0 to +7.0 
50 
1.0 


Oto +70 
-55 to +125 


Unit 
V 


V 


mA 


W 
·C 
·C 


Recommended 
DC Operating Conditions (Ta = 0 to +70°C) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Note 


Supply voltage 
Vss 
0 
0 
0 
V 
Vce 
4.5 
5.0 
5.5 
V 
'I 


Input high voltage 
VIH 
2.4 
6.5 
V 
'I 


110 pin 
VlL 
-1.0 
0.8 
V 
'I 
Input low voltage 
Others 
VlL 
-2.0 
0.8 
V 
't 


Note: 
01. 
All voltage referenced to Vss. 


DC Characteristics 
(Ta = 0 to +70°C, Vcc = 5V ± 10%, Vss = OV ) 


Item 
Symbol 
HMSI4256H-6 
HMSI4256H-7 
Unit 
Test Conditions 
Note 
Min 
Max 
Min 
Max 
Operating 
current 
Icel 
90 
80 
mA 
RAS, CAS cycling 
"'t, "'2 


IRe= Min 
2 
2 
RAS, CAS = VIH 
TTL 


Standby current 
lea 
mA 
Dout = High-Z 
interface 
RAS,CAS~ 
CMOS 
Vee-0.2V 
interface 


Dout = High-Z 
RAS-only refresh current 
lee! 
90 
80 
mA 
IRe=Min 
'2 


RAS = VIH 
Standby current 
lees 
S 
S 
mA 
CAS = VlL 
'I 


DoUI = enable 
CAS-before-RAS 
ICC6 
90 
80 
mA 
IRe= Min 
refresh current 


Fast page mode current 
lea 
90 
80 
mA 
!Pc = Min 
"'I,·3 


Input leakage current 
ILl 
-10 
10 
-10 
10 
IlA 
OVS 
VinS 
7 V 
Output leakage current 
lLo 
-10 
10 
-10 
10 
IlA 
OV S VoutS7 
V 


Doul = disable 
Output high voltage 
VOH 
2.4 
Vee 
2.4 
Vee 
V 
High Ioul = -S mA 
Output low voltage 
VOL 
0 
0.4 
0 
0.4 
V 
Low lout = 4.2 mA 


Notes: 
o\. Ice depends on output loading condition when the device is selected. 
Ice max is specified at the output open condition. 


°2. Address can be changed less than three times while RAS = VlL. 
°3. Address can be changed once or less while CAS = VIH. 
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Capacitance 
(Ta = 25°C, vcc = 5 V ± 10%) 


Item 
Symbol 
Typ 
Max 
Unit 
Note 


Address 
Cn 
5 
pF 
"I 


Input capacitance 
Clock 
CI2 
7 
pF 
"I 


Input/Output 
capacitance 
Data input/Data 
output 
ClIO 
10 
pF 
-1, -2 


Notes: 
.1. Capacitance 
measured 
with Boonton 
Meter or effective 
capacitance 
measuring 
method. 
·2 
~ 
= Wrn to disable 
Dou!. 


AC Characteristics 
(Ta = 0 to +70°C, vcc = 5 V ± 10%, vss = 0 vrl4 


Test Conditions 
Input rise and fall times: 
5 ns 
Output load: 
2TIL Gate + CL (100 pF) 


Input timing reference 
levels: 
0.8 V, 2.4 V 
(Including 
scope and jig) 


Read, Write, Read-Modify-Write 
and Refresh Cycles (Common Parameters) 


Item 
Symbol 
HM5l4256H-6 
HM5l4256H-7 
Unit 
Note 


Min 
Max 
Min 
Max 
Random read or write cycle time 
tRe 
125 
140 
ns 


RAS precharge 
time 
tRP 
55 
60 
ns 
RAS pulse width 
tRAS 
60 
1{)()()() 
70 
1{)()()() 
ns 


CAS pulse width 
teAS 
20 
1{)()()() 
20 
10000 
ns 
Row address setup time 
tASR 
0 
0 
ns 
Row address hold time 
tRAH 
10 
10 
ns 
Column address setup time 
tASe 
0 
0 
ns 


Column address hold time 
teAH 
15 
15 
ns 


RAS to CAS delay time 
tRill 
20 
40 
20 
50 
ns 
"8 


RAS to column address delay time 
tRAD 
15 
30 
15 
35 
ns 
'9 


RAS hold time 
tRSH 
20 
20 
ns 


CAS hold time 
tesH 
60 
70 
ns 
CAS to RAS precharge 
time 
teRP 
10 
10 
ns 


00 to Din delay time 
tooo 
20 
20 
ns 


OE delay time from Din 
tow 
0 
0 
ns 


CAS delay time from Din 
tozc 
0 
0 
ns 


Transition 
time (rise and fall) 
tr 
3 
50 
3 
50 
ns 
-1, -1 


Refresh period 
!REF 
8 
8 
ms 


@HITACHI 


Hitachi America, Ltd .• 
Hitachi Plaza. 
2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 
685 


HM514256H 
series 


Read Cycle 


Item 
Symbol 
HM5l4256H-6 
HM5l4256H-7 
Unit 
Note 


Min 
Max 
Min 
Max 


Access time from RAS 
tRAC 
60 
70 
ns 
-2. -3 


Access time from CAS 
tcAC 
20 
20 
ns 
-3. -4 


Access time from address 
tAA 
30 
35 
ns 
-3, ·s 


Access time from OE 
toAC 
20 
20 
ns 


Read command setup time 
tRes 
0 
0 
ns 


Read command hold time to CAS 
tROI 
0 
0 
ns 


Read command hold time to RAS 
lRRH 
10 
10 
ns 


Column address to RAS lead time 
tRAL 
30 
35 
ns 


Output buffer turn-off time 
toWl 
20 
20 
ns 
'6 


Output buffer tum-off to OE 
toPP2 
20 
20 
ns 
'6 


CAS to Din delay time 
tcDD 
20 
20 
ns 


Write Cycle 


Item 
Symbol 
HM5l4256H-6 
HM5l4256H-7 
Unit 
Note 


Min 
Max 
Min 
Max 


Write command setup time 
twes 
0 
0 
ns 
'10 


Write command hold time 
twOl 
15 
15 
ns 


Write command pulse width 
twp 
10 
10 
ns 


Write command to RAS lead time 
tRWL 
20 
20 
ns 


Write command to CAS lead time 
tcWL 
20 
20 
ns 


Data-in setup time 
IDs 
0 
0 
ns 
'II 


Data-in hold time 
IDH 
15 
15 
ns 
'II 


Read-Modlfy-Wrlte 
Cycle 


Item 
Symbol 
HM514256H-6 
HM514256H-7 
Unit 
Note 
Min 
Max 
Min 
Max 


Read-write cycle time 
tRWC 
175 
190 
ns 


RAS to WE delay time 
tRWD 
85 
95 
ns 
'10 


CAS toWE delay time 
lc:WD 
45 
45 
ns 
'10 


Column address to ~ 
delay time 
tAWD 
55 
60 
ns 
'10 
O£ hold time from WE 
tol!Ji 
20 
20 
ns 


Refresh Cycle 


Item 
Symbol 
HM514256H-6 
HM514256H-7 
Unit 
Note 


Min 
Max 
Min 
Max 


CAS setup time 
tcsR 
10 
10 
ns 


(CAS-before-RAS refresh cycle) 


CAS hold time 
tcHR 
15 
15 
ns 


(CAS-before-RAS refresh cycle) 


RAS precharge 
to CAS hold time 
tRPc 
10 
10 
ns 
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Fast Page Mode Cycle 


HM514256H-6 
HM514256H-7 


Unit 
Item 
Symbol 
Min 
Max 
Min 
Max 
Note 


Fast 
page 
mode 
cycle 
time 
!Pc 
45 
50 
ns 


Fast 
page 
mode 
CAS 
precharge 
time 
tCP 
10 
10 
ns 


Fast 
page 
mode 
RAS 
pulse 
width 
!RASC 
10סס oo 
100000 
ns 
°12 


Access 
time 
from 
CAS 
precharge 
lACP 
40 
45 
ns 
°13 


RAS 
hold 
time 
from 
CAS 
precharge 
lRHCP 
40 
45 
ns 


Fast 
page 
mode 
read-write 
cycle 
time 
lPcM 
90 
100 
ns 


Notes: 
.1. 
AC measurements assume tT = 5ns. 


*2. 
Assumes that tRa>" tRa> (max) and tRAD" tRAD(max). If tRa> or IRADis greater than the maximum 
recommended 
value shown 


in this table, IRACexceeds 
the value shown. 
*3. 
Measured 
with a load circuit equivalent 
to 2rn..loads 
and lOOpF. 


*4. 
Assumes 
that tRa> ~ tRa> (max) and tRAD " IRAD(max). 


*5. 
Assumes 
that tRa> " tRa> (max) and tRAD ~ IRAD(max). 


*6. tOFF(max) is defIned as the time at which the output achieves 
the open circuit condition 
and is not referenced 
to output voltage 


levels. 
*7. Transition 
times are measured 
between 
VDi and VIT.. 


*8. Operation 
with the tReD (max) limit insures 
that tRAC(max) can be met, tReD (max) is specified 
as a reference 
point only, if 


IReD is greater 
than the specified 
IReD (max) limit, then access time is controlled 
exclusively 
by tCAC. 
*9. Operation 
with the tRAD(max) limit insures that tRAC(max) can be met, tRAD(max) is specified 
as a reference 
point only, if 


IRADis greater than the specified 
tRAD(max) limit, then access time is controlled 
exclusiviely 
by tAA. 
*10. 
twcs, 
IRWD, tcwo 
and tAWD are not restrictive 
operating 
parameters. 
They 
are included 
in the data 
sheet 
as electrical 
characteristics 
only: if twcs ~ twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high 
impedance) 
throughout 
the entire cycle; if tRWD~ tRWD(min), t~tCWO 
(min) and tAWD~ (AWD(min), the cycle is a read- 
write and the data output 
will contain 
data read from the selected 
cell; if neither of the above sets of conditions 
is satisfied, 
• 


the conditioo 
of the data out (at access time) is indeterminate. 


*11. 
These parameters 
are referenced 
to CAS leading 
edge in early write cycles and to WE leading 
edge in delayed 
write or read- 


modify-wirte 
cycles. 


*12. 
IRASCis determined 
by RAS pulse width in fast page mode cycles. 


* 13. Access 
time is determined 
by the looger of tAA or tCACor tACP. 


* 14. An initial pause of 100 J.IS is required after power-lip 
followed 
by eight or more initialization 
cycles (any combination 
of cycles 
cootaining 
RAS clock such as RAS-only 
refresh). If the internal refresh counter is used, eightormore 
~-before:JV\S 
refresh 
cycles 
are required. 
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Timing Waveforms 
Read Cycle 
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OE: Don't 
care 


twcs ~ tWCS (min) 


~ 
: Don't 
care 
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OE. 
WE: Don't care 


~ 
: Don't care 
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• 


DE : Don't care 
tzza : Don't care 
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• 


Supply Current (Active) va. Supply Voltage 


1.3 


Supply Current (Active) va. Ambient Temperature 


1.3,----,------,------r----, 


~ 


1.2 


1 


1.1 
] 
1.0 


~ 


0.9 
j 
0.8 


CIl 
0.70 
20 
40 
60 
80 


Ambient Temperature 
Ta(°C) 


Supply Current (Standby) va. Supply Voltage 


1.3 
] 
CMOS 
interface 
1.2 
'ilI 
1.1 
] 
1.0 


~ 


0.9 
i 
0.8 


::> 
CIl 
0.7450 
4.75 
5.00 
5.25 
5.50 


Supply Voltage 
·Vcc (V) 


] 
1.2 
~1 
1.1 


E 
1.0 
-I 0.9 
U»1 
0.8 


CIl 
0.70 
20 
40 
60 
80 


Ambient Temperature 
Ta(°C) 
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Supply Current (Active) va. Frequency 


10.0 


:0- 
~ 
1.4 
~ 
E 
~ 
1.2 


E 
1.0 
-I 0.8 
Uj 
0.6 


CIl 
0.44.50 
4.75 
5.00 
5.25 
5.50 


CAS 
Acee •• 
TIme ¥eo Supply 
Voltage 


1.3 


Addr ••• 
Acee •• 
TIme ¥eo Supply 
Voltage 


~ 
1.3 


.~ 
Oi 
~ 


1.2 
6 
3 
1.1 


II 
1.0 
E 
!= 
'"'" 
0.9 
8u< 
'" 
0.8 
'" 
~ 
0.74.50 
< 
4.75 
5.00 
5.25 
5.50 


Supply Voltage 
Vcc(V) 


RAS Ace ••• 
Tlmve ¥eo AmbIent 
Temperature 


1.3 


CAS Acee.a 
TIme ¥eo AmbIent 
Temperature 


1.3 


~II 
N~ 
E06 
3 


II.5 
E- 
'"l3uu< 
0.8 


'"'"f! 
"0 
0.7 
0 
"0< 
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HM514258S 
Series --------- 
HM514258A 
Series 


The Hitachi HM514258S/A 
is a CMOS dynamic 
RAM organized 


262144-word 
x 4-bit. HM514258S/A 
has realized 
higher density, 


higher 
performance 
and various 
functions 
by employing 
1.3 ~m 


CMOS technology 
and some new CMOS circuit design technologies. 


The HM514258S/A 
offers 
Static Column 
Mode as a high speed 


access mode. 
Multiplexed 
address 
input 
permits 
the 
HM514258S/A 
to 
be 


packaged 
in standard 20-pin plastic DIP, 20-pin plastic SOJ and 20- 


pin plastic ZIP. 


Features 
Single 5 V (±10%) 
High speed: 
Access Time 
80 ns/100 ns/120 ns (max) 


Low power: 
Standby 
11 mW (max) 
Active 413 mW/358 
mW/303 mW (max) 


Static column mode capability 
512 refresh cycles: 
(8 ms) 


2 variations 
of refresh: 
RAS-only 
refresh 
CS-before-RAS 
refresh 


Pin Arrangement 


• HM514258SP 
• HM514258SJP 
• HM514258SZP 


Series 
Series 
Series 


• HM514258AP 
• HM514258AJP 
• HM514258AZP 


Series 
Series 
Series 


I HMi 
PmNO 


j 


1 
OE 


JEDEC 
Pin No. 
CS 
2 
1/01 
v~ 
I 
I 


3 
1/03 


1102 
1/04 
4 
1/04 
S 
v~ 


WE 
1/03 
1/01 
1 
~,. 
20 
Vu 
1/01 
6 


1/02 2 
" 


191/04 
7 
1/02 


RAS 
cs 
WE3 
" 
181/03 
WE 
8 


RAS 
4 . 
17CS 
9 
RAS 


NC 
OE 
23 
NC 10 


NC 
5 
5 
22 
160E 
11 AO 


AO 
A8 
Al 
12 


A7 
13 A2 


AI 
AJ 
14 


A2 
A' 
AO , • 
18 
IS A8 
IS 
Vcc 


AI 
7 
10 
17 
14 ;'7 
A4 16 


AJ 
A5 
17 AS 


A2 
8 
II 
16 
13 A6 
A6 18 


v« 
A4 
AJ 
• 
12 
15 
12 AS 
19 A7 


v("C" 
10 
IJ 
" 
II 
;'4 
A8 20 


(Top View) 
(Top View) 
(Bottom 
View) 


HM514258SP 
Series 


HM514258AP 
Series 


HM514258SJP 
Series 


HM514258AJP 
Series 


HM514258SZP 
Series 


HM514258AZP 
Series 


Pin Description 


Pin Name 
AO-A8 
AO-A8 


I10l-I/04 
RAS 
CS 
WE 


OE 


Address input 
Refresh address input 


Data input/Data 
output 


Row address strobe 


Chip select 
Write enable 
Output enable 


Power supply (+5 V) 
Ground 
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TyPCNo. 


HM514258P-8S 


HM514258P-10S 


HM514258P-12S 


HM514258JP-8S 
HM514258JP-10S 


HM514258JP-12S 
HM514258ZP-8S 


HM514258ZP-10S 


HM514258ZP-12S 


Block Diagram 
HM514258S 
Series 


Access Time 


80ns 


100 ns 


120 ns 


80ns 
100 ns 


120 ns 


80 ns 
100 ns 


120 ns 


Package 
300-miI20-pin 


plastic DIP 


(DP-20NA) 


3OO-mil 20-pin 


plastic SOl 
(CP-20D) 


400-mil 20-pin 


plastic ZIP 


(ZP-20) 


TyPCNo. 
HM514258AP-8 


HM514258AP-10 


HM514258AP-12 


HM514258AJP-8 


HM514258AIP-10 
HM514258AJP-12 


HM514258AZP-8 


HM514258AZP-10 


HM514258AZP-12 


Access Time 


80ns 
100 ns 


120ns 
80ns 


100 ns 


120 ns 


80ns 


100 ns 
120 ns 


Package 


3OO-mil 20-pin 


plastic DIP 


(DP-20NA) 


3OO-mil 20-pin 


plastic SOl 


(CP-20D) 


400-mil 20-pin 


plastic ZIP 
(ZP-20) 
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, 
OJ 


12. 
~ 
12. 


~~iory; ~:,iory 


Arny 
~ 
Array 


< 


, 
; 
OJ 
OJ 
a:: 


12Hk 
0 
12811 
128k 
~ 
12811 
128k 
~ 
128k 


Mtmory 
- 
Mtmor)' 
~tmory 
oi!JI Mrmory 
Mtmory 
ori!:I 
Mrmory 
ern 
. Cell 
Cf.1l 
0. ult 
CpU 
0. e,lI 
Am)' 
E Arrl)' 
Array 
E Array 
Amy 
E Array 
< 
< 
< 


~ 
~ 
~ 
'" 
'" 


. . 
. . 
, 
, 
, 
, 


'" 
'" 
'" 
'" 
~ 
0 
0 
0 
0 
V; 
~ 
(i)(i) 
~ 
> ~ 
"- 
"- 
~ 
'" 
- l5 - 
00 
'" 
'" 
256k 
0 
0 
256k 
'" 
'" 
256k 
::;; 
::;; 
256k 
::;; 
::;; 
.. 
z z 
V; .. 
V; 
~ 
z 
Memory 
V; ~ V; 
Memory 
Memory 
0 ~ 0 
Memory 
0 
0 
ci. 
ci. 
::;; 
." 
::;; 
ci. 


ci. 
Cell 
::;; 
." 
::;; 
Cell 
Cell 
~ 


0 ~ 
Cell 
E 
Q. 
0 ~ 
E 
E 
<> 
'" 
E 
<> 
'" '" 


Q> 


Array 
Q> 
Array 
Array 
0 
Array 
'" 
0 
~~ 
ci. 
ci. 
~ 


~ 


ci. 
ci. 
.. 
E ~ 
E 
c 
E ~ 
E 
c 
c 
'" 
'" 
~ 


'" 
'" 
~~ 
'" 
~ 
'" '" 
~ 
'" 
~ "0 ~ 
8 ~ 
c 
U 
~ 
~ 
~ 
~ 
'" 
'" 
'" 
'" 


Absolute Maximum Ratings 


Item 
Voltage on any pin relative to Vss 
Supply voltage relative to Vss 
Short circuit output current 


Power dissipation 
Operating 
temperature 


Storage temperature 


Symbol 
VT 


Vcc 


lout 


PT 


Topr 


Tstg 


Value 
-1.0 to +7.0 
-1.0 
to +7.0 
50 
1.0 
o to +70 
-55 to +125 


Unit 


V 


V 
mA 


W 
°C 
°C 


@HITACHI 


Hitachi America,ltd 
.• 
Hitachi Plaza' 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005·1819. (415) 589-8300 


Recommended 
DC Operating Conditions (Ta = 0 to +70°C) 


Item 
Symbol 
Min 
Typ 
Vss 
0 
0 


-~V~ee---~4~.5~---5~.~0---~~----~~--~~- 


Vrn 
2.4 
VlL 
-1.0 


VlL 
-2.0 


Supply voltage 


Input high voltage 


I/O pin 
Others 


DC Characteristics 
(Ta = 0 to +70°C, Vcc = 5V ± 10%, Vss = OV ) 


HM514258-8S 
HM514258-10S 
HM514258-12S 


Item 
Symbol 
HM514258A-8 
HM514258A-10 
HM514258A-12 
Unit 
Test Conditions 
Note 
Min 
Max 
Min 
Max 
Min 
Max 
Operating 
leel 
75 
65 
55 
mA 
RAS. CS cycling 
-I. *2 


current 
tRe= Min 
2 
2 
2 
RAS. CS 
=Vrn 
TTL 
Standby current 
lea 
mA 
Dout = High-Z 
interface 


RAS. CS ~ 
Vee-0.2V 
CMOS 
Dout = High-Z 
interface 


RAS-only 
lea 
75 
65 
55 
mA 
tRe= Min 
'2 


refresh current 


RAS = Vrn 
Standby current 
Ices 
5 
5 
5 
mA 
CS = VlL 
'I 


Dout = enable 
CS-before-RAS 
lea; 
65 
55 
45 
mA 
tRe= Min 
refresh current 
Static column 
leC9 
65 
55 
45 
mA 
tse= Min 
-1,-3 


mode current 
Input leakage 
Iu 
-10 
10 
-10 
10 
-10 
10 
~A 
o VS VinS7 
V 
current 


Output leakage 
ILo 
-10 
10 
-10 
10 
-10 
10 
~A 
OVS 
Vouts7 
V 
current 
Dout = disable 
Output high 
VOH 
2.4 
Vce 
2.4 
Vee 
2.4 
Vee 
V 
High lout = -5 mA 
voltage 


Output low 
VOL 
0 
0.4 
0 
0.4 
0 
0.4 
V 
Low lout = 4.2 mA 


voltage 


Notes: 
°1. Ice depends on output load condition when the device is selected. 
Ice max is specified at the output open condition. 


°2. Address can be changed less lhan three times while RAS = VlL. 
°3. Address can be changed once or less while CS = Vrn. 
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capacitance (Ta = 25°C, vcc = 5 V ± 10%) 


Item 
Max 
5 


7 
10 


Unit 
Note 


pF 
'\ 


pF 
'\ 


pF 
-I, -2 


Input capacitance 


Input/Output 
capacitance 


Address 


Clock 
Data input/Data 
output 


Symbol 


Cn 


CI2 


ClIO 


Notes: 
01. Capacitance 
measured 
with Boonton 
Meter or effective 
capacitance 
measuring 
method. 


°2. 
CS = VIII to disable 
Dou!. 


AC Characteristics 
(Ta = 0 to +70°C, Vcc = 5 V ± 10%, Vss = 0 V)'17.'18 
Test Conditions 
, 
Input rise and fall times: 
5 ns 
' 
Output load: 
, 
Input timing reference 
levels: 
0.8 V, 2.4 V 
2TTL Gate + CL (100 pF) 
(Including 
scope and jig) 


Read, Write, Read-Modify-Write 
and Refresh Cycles (Common Parameters) 


HM514258-8S 
HM514258-10S 
HM514258-12S 


Item 
Symbol 
HM514258A-8 
HM514258A-I0 
HM514258A-12 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
Random read or write cycle time 
tRc 
160 
190 
220 
ns 
RAS precharge 
time 
tRP 
70 
80 
90 
ns 
RAS pulse width 
btAs 
80 
1ססoo 
100 
1ססoo 
120 
1ססoo 
ns 
CS pulse width 
tsP 
25 
1ססoo 
30 
1ססoo 
30 
1ססoo 
ns 
Row address setup time 
tASR 
0 
0 
0 
ns 
Row address hold time 
tRAH 
12 
15 
15 
ns 
Column address setup time 
tAsw 
0 
0 
0 
ns 
Column address hold time 
tAHw 
20 
25 
25 
ns 
RAS to CS delay time 
tRm 
22 
55 
25 
70 
25 
90 
ns 
'8 


RAS hold time 
tRSL 
25 
30 
30 
ns 
CS hold time 
tcSH 
80 
100 
120 
ns 
CS to RAS precharge 
time 
tsRS 
10 
10 
10 
ns 
OE to Din delay time 
tODD 
20 
25 
30 
ns 
OE delay time from Din 
low 
0 
0 
0 
ns 
CS delay time from Din 
tDzc 
0 
0 
0 
ns 
Transition 
time (rise and fall) 
tr 
3 
50 
3 
50 
3 
50 
ns 
-I .• , 


Refresh period 
t:ItEF 
8 
8 
8 
ms 
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HM514258S 
Series, 
HM514258A 
Series 


Read Cycle 


}IM514258-8S 
HM514258-IOS 
HM514258-12S 


Item 
Symbol 
HM514258A-8 
HM514258A-1O 
HM514258A-12 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


Access time from RAS 
tRAC 
80 
100 
120 
ns 
-2. -3 


Access time from CS 
tACS 
25 
30 
30 
ns 
-3, -4 


Access time from address 
tAA 
40 
50 
55 
ns 
-3. -s. -14 


Access time from OE 
toAC 
25 
25 
30 
ns 


Read command 
setup time 
tRes 
0 
0 
0 
ns 


Read command 
hold time to CS 
tRO! 
0 
0 
0 
ns 


Read command 
hold time to RAS 
tRRH 
10 
10 
10 
ns 


RAS to colwnn 
address hold time 
tAHR 
15 
15 
15 
ns 
"6 


RAS to colwnn address delay time 
tRAD 
17 
40 
20 
50 
20 
65 
ns 
'9 


Column address to RAS lead time 
tRAL 
40 
50 
55 
ns 
Column address hold time from RAS 
tAR 
80 
100 
120 
ns 
Ooutput buffer turn-off time 
tOFF 
20 
25 
30 
ns 
'6 


Output buffer tum-off to OE 
toFF2 
20 
25 
30 
ns 
'6 


Output hold time from address 
tAOH 
5 
5 
5 
ns 
CS to Din delay time 
tcoo 
20 
25 
30 
ns 
CS hold time from OE 
tOCH 
25 
25 
30 
ns 
OE hold time from RAS 
tROH 
80 
100 
120 
ns 
OE hold time from CS 
tcOH 
25 
25 
30 
ns 


OE pulse width 
tOEP 
25 
25 
30 
ns 


Write Cycle 


HM514258-8S 
HM514258-10S 
HM514258-12S 


Item 
Symbol 
HM514258A-8 
HM514258A-1O 
HM514258A-12 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
Write command 
setup time 
twes 
0 
0 
0 
ns 
'10 


Write command 
hold time 
two! 
20 
25 
25 
ns 
Write command 
hold lime to RAS 
twCR 
75 
95 
115 
ns 
Write command 
pulse width 
twp 
15 
15 
20 
ns 
Write command 
to RAS lead lime 
tRWL 
25 
25 
30 
ns 
Write command 
to ~ 
lead time 
tCWL 
25 
25 
30 
ns 
Din setup time 
Los 
0 
0 
0 
ns 
." 


Din hold time 
LoH 
20 
25 
25 
ns 
." 


Din hold time to RAS 
LoHR 
75 
95 
115 
ns 
Column address hold time from RAS 
tAWR 
75 
95 
115 
ns 


Read-Modlfy-Wrlte 
Cycle 


HM514258-8S 
HM514258-IOS 
HM514258-12S 
Item 
Symbol 
HM514258A-8 
HM514258A-IO 
HM514258A-12 
Min 
Max 
Min 
Max 
Min 
Max 
Read-modify-write 
cycle time 
tRWc 
220 
255 
295 
RAS to WE delay time 
tRwo 
110 
135 
160 
CS to ~ 
delay time 
tcwo 
55 
65 
70 
Column address to WE delay time 
tAwo 
70 
85 
95 


Unit 
Note 


ns 
ns 
'10 


ns 
"0 


ns 
'10 
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HM~14258-8S 
HM514258-lOS 
HM514258-12S 


Item 
Symbol 
HM514258A-8 
HM514258A-I0 
HM514258A-12 


Min 
Max 
Min 
Max 
Min 
Max 


CS setup 
time 
tCSR 
10 
10 
10 


(CS-before-RAS 
refresh 
cycle) 


CS hold 
time 
tCfIR 
20 
20 
25 


(CS-before-RAS 
refresh 
cycle) 


RAS 
precharge 
to "CS"hold 
time 
t:zRH 
10 
10 
10 


Static Column Mode Cycle 


HM514258-8S 
HM514258-10S 
HM514258-12S 


Item 
Symbol 
HM514258A-8 
HM514258A-I0 
HM514258A-12 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


Static 
column 
mode 
cycle 
time 
15c 
45 
55 
60 
ns 


Static 
column 
mode 
RAS 
pulse 
width 
tRASC 
10ססoo 
100000 
100000 
ns 


RAS 
to second 
WE delay 
time 
tRsWD 
90 
110 
135 
ns 


Static 
column 
mode 
CS precharge 
time 
151 
10 
10 
15 
ns 


Static 
column 
mode 
WE precharge 
time 
twl 
10 
10 
15 
ns 


HM514258-8S 
HM514258-10S 
HM514258-12S 


Item 
Symbol 
HM514258A-8 
HM514258A-1O 
HM514258A-12 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


Static 
column 
mode 
cycle 
time 
15RW 
120 
140 
160 
ns 
°12 


on read-modify-write 


Access 
time 
from 
first WE 
tALw 
85 
100 
115 
ns 
·3, ·13 


Last WE to column 
address 
delay 
time 
U.WAD 
25 
45 
25 
50 
30 
60 
ns 
°IS 


Last WE to column 
address 
hold 
time 
tAHLw 
85 
100 
115 
ns 


Notes: 
*1. 
AC measurements 
assume 
IT = 5ns. 
*2. 
Assumes that tReD S tReD (max) and tRADS tRAD(max). If tReD or IRADis greater than the maximum 
recommended 
value shown 
in this table, IRACexceeds 
the value shown. 
*3. Measured 
with a load circuit equivalent 
to 2TTL loads and 1000F. 
*4. 
Assumes 
that tReD ~ tReD (max) and tRAD S IRAD(max). 
*5. Assumes 
that tReD S tReD (max) and tRAD ~ IRAD(max). 
*6. tOFF(max) is defined as the time at which the output achieves the open circuit condition 
and is not referenced 
to output voltage 
levels. 
*7. Transition 
times are measured 
between 
VIfl and VIL. 
*S. Operation 
with the tReD (max) limit insures 
that tRAC(max) can be met, tReD (max) is specified 
as a reference 
point only, if 
IReD is greater than the specified 
IReD (max) limit, then access time is controlled 
exclusively 
by tACS. 
*9. Operation 
with the tRAD(max) limit insures 
that tRAC(max) can be met, tRAD(max) is specified 
as a reference 
point only, if 
IRADis greater than the specified 
tRAD(max) limit, then access time is controlled 
exclusively 
by tAA. 
*10. 
tWCS, IRWD, tCWD and tAWD are not restrictive 
operating 
parameters. 
They 
are included 
in the data 
sheet 
as electrical 
characteristics 
only: if tWCS~ twcs (min), the cycle is an early write cycle and the data out pin will remain 
open circuit 
(high 
impedance) 
throughout 
the entire cycle; if tRWD~ tRWD(min), tCWD~tCWD(min) and tAWD~ tAWD(min), the cycle is a read- 
modify-write 
and the data output 
will contain 
data read from the selected 
cell; if neither 
of the above 
sets of conditions 
is 
satisfied, 
the condition 
of the data out (at access time) is indeterminate. 
*11. 
These parameters 
are referenced 
to CS leading 
edge in early write cycles and to WE leading 
edge in delayed 
write or read- 
modify-wine 
cycles. 
*12. 
lSRW (min) = lAWD(min) + LLWAD(max) + IT 
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013. 
Assumes 
that tLWADs U.WAD(max). 
If tLWADis greater than the maximum 
recomended 
value shown in this table, tALW 
exceeds 
the value shown. 
°14. 
Assumes 
that U.WAD ~ tLWAD(max). 
015. 
Operation 
with the tLWAD(max) limit insures 
thattALW (max) can be met, tLWAD(max) is specified 
as a reference 
point 


only, if U.WADis greater 
than the specified 
tLWAD(max) limit, then access time is controlled 
exclusively 
by tAA. 


°16. 
lAHR is defmed 
as the time at which the column 
address 
hold. 


°17. 
An initial pause of 100 jJ5 is required 
after power-up 
followed 
by eight or more initialization 
cycles 
(any combination 
of 
cycles containing 
RAS clock such as RAS-only 
refresh). 
If internal refresh counter is used, eight or more CS-before-RAS 
refresh 
cycles are required. 


018. 
In delayed 
write or read-modify-write 
cycles, 
OE must disable output 
buffers 
prior to applying 
data to the device. 
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Timing Waveforms 
Read Cycle 


t" 


tus 
t•• 
t, 


tesM 
tus 


t.co 
tltSl 


CS 
t •• 


tAU 


DE: Don't care 
twcs~twcs 
(min) 


~ 
: Don't care 
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DE, WE : Don't care 
~ 
: Don't care 
Refresh addr•• s: 
AO-AS (AXO-AXB) 


If//!///!/////////!//I/I/ 
//1/1////1M 


WE, DE : Don't care 
~ 
: Don't care 
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twcs ~twcs(min) 


~ 
: Don't care 
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:0- 


.~ 
1.2 
OJ 
E 
~] 


Supply 
Current 
(Active) 
vs. Frequency 


10.0 


:0- 
.~ 1.21---+---t---t----j 
OJ 
E~ 
1.11----+----+---+----1 


Supply 
Current 
(Standby) 
vs. Supply 
Voltage 


1.3 
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HM514258S 
series, 
HM514258A 
series 


RAS Acce •• 
TIme v•. Supply 
Voltage 
RAS Acce •• 
TIme v•. AmbIent 
Temper.ture 


:0- 
1.3 
:0- 
1.3 


<> 
., 
.~ 
N 
•• 
1.2 
~ 
1.2 
e 
E 
•.. 
0 
0 
6 
6 
1.1 


u 
u 
.. 
.. 
!i 
!i 
1.0 
., 
., 


:5 
.5 
I- 
0.9 
I- 
0.9 
.. 
.. 
~ 
~ 
" 
" 
~ 
" 
0.8 
.0.8 
<: 


I~ 0.7 
I~ 0.7 a 
4.50 
4.75 
5.00 
5.25 
5.50 
20 
40 
60 
80 


Supply Voltage 
Vcc(V) 
Ambient Temperature 
Ta (0C) 


CS Aceess 
TIme v•• Supply 
Voltage 
~ 
Acces. 
Time v•. Ambient 
Temperature 


1.3 
1.3 


:0- 
,..., 
"0 


.~ 
., 
.!:! 
«i 
«i 


E 
e 


0 
!5 
6 
6 


tl 
tl 
~ 
~ 


., 
" 
.5 
.5 
l- 
I- 


5 
..~ 


" 
" 
" 
0.8 
" 
0.8 
<: 
<: 


1(3 
0·t50 
1(3 
0.7 a 
4.75 
5.00 
5.25 
5.50 
20 
40 
60 
80 


Supply Voltage 
Vcc(V) 
Ambient Temperature 
Ta (0C) 


Address 
Acce •• 
TIme v•. Supply 
Voltage 


:0- 
1.3 
<> 
N~ 
1.2 
e 
!56 
1.1 
..~ 
" 
1.0 
.5I-.. 
0.9 
~""<:.. 
0.8 
..e 
"0 
"0 
0.74.50 
<: 
4.75 
5.00 
5.25 
5.50 


Supply Voltage 
Vcc(V) 


:0- 
.~ 
«i 
E06.. 
:5 


<>e 
1= 
~., 
() 
()<: 
0.8 
.... 
~ 
"0 
0.7 a 
<: 
20 
40 
60 
80 
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HM514266API AJPI AZP-6/7/8/10/12 
- Preliminary 


262,144-Word 
x 4-Bit Dynamic 
Random Access Memory 


• 
DESCRIPTION 


The 
Hitachi 
HM514266A 
is a CMOS 
dynamic 
RAM organized 


262,144-word 
x 
4-bit. 
HM514266A 
has 
realized 
higher 
density, 
higher 
performance 
and 
various 
functions 
by employing 
1.3/Lm 


CMOS process technology 
and some new CMOS circuit design tech- 


nologies. 
The HM514266A 
offers Fast Page Mode as a high speed 


access mode. 


Multiplexed 
address input permits HM514266A to be packaged 
in 


standard 20-pin plastic DIp, 20-pin plastic SOJ and 20-pin plastic ZIP. 


• 
FEATURES 


• Single 5V (± 10%) 
• High Speed 
Access Time 
60/70/80/100/120ns 
(max.) 


• Low Power Dissipation 


Active Mode 
.495/440/363/303/259mW 
(max.) 
Standby 
Mode 
11mW (max.) 


• Fast Page Mode Capability 
• 512 Refresh Cycles ..........•...............•..... 
(8 ms) 


• 2 Variations 
of Refresh 


RAS-Only 
Refresh 


CAS-Before-RAS 
Refresh 


• Write per bit capability 


Part No. 
Access 
Package 


HM514266AP-6 
60ns 
HM514266AP-7 
70ns 
300 mil 20 pin 


HM514266AP-8 
80ns 
Plastic DIP 


HM514266AP-1O 
lOOns 
(DP-20NA) 
HM514266AP-12 
120ns 


HM514266AJP-6 
60ns 
HM514266AJP-7 
70ns 
300 mil 20 pin 


HM514266AJP-8 
80ns 
Plastic SOJ 


HM514266AJP-1O 
lOOns 
(CP-20D) 
HM514266AJP-12 
120ns 


HM514266AZP-6 
60ns 
HM514266AZP-7 
70ns 
400 mil 20 pin 
HM514266AZP-8 
80ns 
Plastic ZIP 


HM514266AZP-1O 
lOOns 
(ZP-20) 
HM514266AZP-12 
120ns 


Pin Name 
Function 


Ao-As 
Address 
Input 


Ao-As 
Refresh 
Address 
Input 


W,IIO,- 
Write Select/ 


W,/IO. 
Data-In/Data-Out 


RAS 
Row Address 
Strobe 


CAS 
Column 
Address 
Strobe 


WBrwE 
Write Per Bit/Write 
Enable 


OE 
Output 
Enable 


Vcc 
Power 
Supply 
(+5.0V) 


Vss 
Ground 
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Wl/101 
Vss 
1101 
W2I102 
W41104 
1102 
2 
19 
1104 
WBIWE 
W31103 
WE 
3 
18 
1/03 
RAS 
CAS 
RAS 
4 
17 
CAS 
NC 
OE 
NC 
5 
16 
OE 
AO 
A8 


Al 
A7 
Ao 
6 
15 
AS 
A2 
A6 
Al 
7 
14 
A7 
A3 
A5 
A2 
8 
13 
A6 
Vcc 
A4 
A3 
9 
12 
A5 
VCC10 
11 
A4 


(Top View) 
(Top View) 


• 
BLOCK DIAGRAM 


RAS 
CAS 
WE 
OE 


CAS 


1104 


1101 


WE 


NC 


Al 


A3 


A4 


A6 
18 


As 20 


1 
OE 


3 
1103 
5 Vss 


7 
1102 


9 
RAS 


11 AO 


13A2 


15VCC 


17 As 


19 A7 


, 
, 
, 
, 
I 110Buffer I 
I 110Buffer I 
L~ 
1 
.-- 


en 
en 
en 
en 
:> 
:> 
:> 
:> 
CD 
Q; 
CD 
CD 
Q; 
CD 
Iii 
~ 
> ~ 
liiC/) 
~ .~ ~ 
Iii 
0 
256k 
~ ~ ~ 
256k 
00 
256k 
~ 0 ~ 
256k 
0 
::< 
Memory 
Iii ~ Iii 
Memory 
::<::< 
Memory 
Iii ~ Iii 
Memory 
::< 
~ 
CD 
~~ 
CD 
~ 
Cell 
0 
"0 0 
Cell 
Cell 
0 
"0 0 
Cell 
ci 
ci 
::< 
8 ::< 
cici. 


hray 
::< 
8 ::< 
Array 
E 
Array 
eo. 
eo. 
Array 
E 
E 
eo. 
eo. 
E 
<l: 
Q) 
<l:<l: 
Q) 
<l: 
ci 0 
ci 
ci 0 
ci 
Q) 
Q) 
Q) 
CI> 
c: 
en 
E 
c: 
E 
en 
en 
E 
E 
en 
c: 
<l: 
E 
<l: 
c: 
c: 
<l: 
E 
<l: 
c: 
Q) 
:> 
Q) 
CI> 
:> 
Q) 
C/) 
Q) 8 


CI> 
c/)c/) 
CI> 8 


Q) 
C/) 
en 
en 
en 
en 
c: 
c: 
c: 
c: 
Q) 
Q) 
CI> 
CI> 
C/) 
C/) 
C/) 
C/) 
I 


j,. 
Wo<dDriver 
Wo<dDriver 
Wo<dDriver 
Wo<dDriver 
--{ 
R<J.vDecoder 
R<J.vDecode 
R<J.vDecode 
R<J.vDecoder 


I 


Row Address 
Buffer 
IColumn 
Address 
Bufferl 
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Parameter 
Symbol 
Value 
Unit 


Voltage 
on Any 
Pin Relative 
to V ss 
VT 
-1.0 
to +7.0 
V 


Supply 
Voltage 
Relative 
to V ss 
Vcc 
-1.0 
to +7.0 
V 


Short 
Circuit 
Output 
Current 
lout 
50 
mA 


Power 
Dissipation 
PT 
1.0 
W 


Operating 
Temperature 
Toor 
o to +70 
°C 


Storage 
Temperature 
TSl2 
-55 
to + 125 
°C 


• 
ELECTRICAL 
CHARACTERISTICS 


• Recommended 
DC Operating 
Conditions 
(Ta = 0 to + 70°C) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


Vss 
0 
0 
0 
V 
Supply 
Voltage 
Vcc 
4.5 
5.0 
5.5 
V 
I 


Input 
High 
Voltage 
VIH 
2.4 
- 
6.5 
V 
I 
I (I/O 
Pin) 
VIL 
-1.0 
- 
0.8 
V 
I 
Input 
Low 
Voltage 
I (Others) 
VIL 
-2.0 
- 
0.8 
V 
I 


514266A-6 
514266A-7 
514266A-8 
514266A-10 
514266A-12 
Parameter 
Symbol 
Test Conditions 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Operating Current 
Icc1 
tRC = Min. 
- 
90 
- 
80 
- 
66 
- 
55 
- 
47 
mA 
1,2 


TIL 
Interface 
RAS, CAS = V1H 
- 
2 
- 
2 
- 
2 
- 
2 
- 
2 
mA 
DOUT= High-Z 
Standby Current 
ICC2 


CMOS Interface 
RAS, CAS", 
Vcc -0.2V 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
mA 
DOUT= High-Z 


RAS-Only 
IcC3 
tRC= Min. 
- 
90 
- 
80 
- 
66 
- 
55 
- 
47 
mA 
2 
Refresh Current 


Standby Current 
Icc, 
RAS = V1H, CAS = V1L 
- 
5 
- 
5 
- 
5 
- 
5 
- 
5 
mA 
I 
DOUT= Enable 


CAS-Before-RAS 
IcC6 
tRC = Min. 
80 
70 
66 
55 
47 
mA 
Refresh Current 
- 
- 
- 
- 
- 


Fast Page 
ICC7 
tpc = Min. 
- 
80 
- 
70 
- 
55 
- 
55 
- 
47 
mA 
1,3 
Mode Current 


Input Leakage 
III 
OV oS V1N 
oS 7V 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
I'A 
Current 


OUlput Leakage 
lLO 


OV oS VOUToS 7V 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
I'A 
Current 
DOUT= Disable 


Output High 
VOH 
High lOUT= -5 mA 
2.4 
Vcc 
2.4 
Vcc 
2.4 
Vcc 
2.4 
Vcc 
2.4 
Vcc 
V 
Voltage 


Output Low Voltage 
VOL 
Low loUT = 4.2mA 
0 
0.4 
0 
0.4 
0 
0.4 
0 
0.4 
0 
0.4 
V 


NOTES: 
I. Icc depends 
on output 
load condition 
when the device is selected, 
Ice max. is specified 
at the output open condition. 


2. Address 
can be changed 
less than three times while RAS = VtL. 


3. Address 
can be changed 
once or less while CAS = VIH. 
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Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Input Capacitance 
(Address) 
CII 
- 
5 
pF 
I 


Input Capacitance 
(Clocks) 
CI2 
- 
7 
pF 
1 


Output Capacitance 
(Data-In, 
Data-Out) 
CliO 
- 
10 
pF 
1,2 


NOTES: 
I. Capacitance 
measured 
with Boonton 
Meter or effective 
capacitance 
measuring 
method. 


2. CAS = VIH to disable 
Doul • 


• 
AC CHARACTERISTICS 
(Ta = O°C to 70°C, 
VCC = 5V ± 10%, Vss = OV)(I). (14) 


• Read, Write, Read-Modify-Write 
and Refresh Cycles (Common 
Parameters) 


514266A-6 
514266A-7 
514266A-8 
514266A-IO 
514266A-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Random Read or Write Cycle Time 
tRC 
120 
- 
130 
- 
160 
- 
190 
- 
220 
- 
ns 


RAS Precharge Time 
tRP 
50 
- 
50 
- 
70 
- 
80 
- 
90 
- 
ns 


RAS Pulse Width 
tRAS 
60 
1ססoo 
70 
1ססoo 
80 
1ססoo 
100 
1ססoo 
120 
1ססoo 
ns 


CAS Pulse Width 
leAS 
20 
1ססoo 
20 
1ססoo 
25 
1ססoo 
25 
1ססoo 
30 
1ססoo 
ns 


Row Address Set-Up Time 
tASR 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Row Address Hold Time 
tRAH 
10 
- 
10 
- 
12 
- 
15 
- 
15 
- 
ns 


Column Address Set-Up Time 
tASC 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Column Address Hold Time 
IeAH 
15 
- 
15 
- 
20 
- 
20 
- 
25 
- 
ns 


RAS to CAS Delay Time 
tRCD 
20 
40 
20 
50 
22 
55 
25 
75 
25 
90 
ns 
8 


RAS to Column Address 
tRAD 
15 
30 
15 
35 
17 
40 
20 
55 
20 
65 
9 
Delay Time 
ns 


RAS Hold Time 
tRSH 
20 
- 
20 
- 
25 
- 
25 
- 
30 
- 
ns 


CAS Hold Time 
IeSH 
60 
- 
70 
- 
80 
- 
100 
- 
120 
- 
ns 


CAS to RAS Precharge Time 
IeRP 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


514266A-6 
514266A-7 
514266A-8 
514266A-IO 
514266A-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


OE to DIN Delay Time 
1000 
20 
- 
20 
- 
20 
- 
25 
- 
30 
- 
ns 


OE Delay Time From DIN 
tozo 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


CAS Delay Time From DIN 
tDZC 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Transition Time (Rise and Fall) 
tT 
3 
50 
3 
50 
3 
50 
3 
50 
3 
50 
ns 
7 


Refresh Period 
tREF 
- 
8 
- 
8 
- 
8 
- 
8 
- 
8 
ms 
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514266A-6 
514266A-7 
514266A-8 
514266A-IO 
514266A-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Access Time From RAS 
tRAC 
- 
60 
- 
70 
- 
80 
- 
100 
- 
120 
ns 
2,3 


Access Time From CAS 
leAC 
- 
20 
- 
20 
- 
25 
- 
25 
- 
30 
ns 
3,4 


Access Time From Address 
tAA 
- 
30 
- 
35 
- 
40 
- 
45 
- 
55 
ns 
3,5 


Access Time From OE 
ta.c 
- 
20 
- 
20 
- 
25 
- 
25 
- 
30 
ns 


Read Command Set-Up Time 
tRCS 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Read Command Hold Time to CAS 
tRCH 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Read Command Hold Time to RAS 
tRRH 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


Column Address to RAS Lead Time 
tRAL 
20 
- 
35 
- 
40 
- 
45 
- 
55 
- 
ns 


Output Buffer Thm-Off Time 
toFFI 
- 
20 
- 
20 
- 
20 
- 
25 
- 
30 
ns 
6 


Output Buffer Thrn-Off to OE 
toFF2 
- 
20 
- 
20 
- 
20 
- 
25 
- 
30 
ns 
6 


CAS to DIN Delay Time 
leoo 
20 
- 
20 
- 
20 
- 
25 
- 
30 
- 
ns 


514266A-6 
514266A-7 
514266A-8 
514266A-IO 
514266A-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Command Set-Up Time 
twcs 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
10 


Write Command Hold Time 
tWCH 
15 
- 
15 
- 
20 
- 
20 
- 
25 
- 
ns 


Write Command Pulse Width 
twP 
10 
- 
10 
- 
15 
- 
15 
- 
20 
- 
ns 


Write Command to RAS Lead Time 
tRwL 
20 
- 
20 
- 
25 
- 
25 
- 
30 
- 
ns 


Write Command to CAS Lead Time 
leWL 
20 
- 
20 
- 
25 
- 
25 
- 
30 
- 
ns 


Data-In Set-Up Time 
tos 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
11 


Data-In Hold Time 
tOH 
15 
- 
15 
- 
20 
- 
20 
- 
25 
- 
ns 
11 


514266A-6 
514266A-7 
514266A-8 
514266A-10 
514266A-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min .. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read-Write Cycle Time 
tRwC 
170 
- 
180 
- 
220 
- 
255 
- 
295 
- 
ns 


RAS to WE Delay Time 
tRwD 
85 
- 
95 
- 
110 
- 
135 
- 
160 
- 
ns 
10 


CAS to WE Delay Time 
lewD 
45 
- 
45 
- 
55 
- 
60 
- 
70 
- 
ns 
10 


Column Address to WE Delay Time 
tAWD 
55 
- 
60 
- 
70 
- 
80 
- 
95 
- 
ns 
10 


OE Hold Time From WE 
toEH 
20 
- 
20 
- 
25 
- 
25 
- 
30 
- 
ns 


514266A-6 
514266A-7 
514266A-8 
514266A-IO 
514266A-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS Set-Up Time 
leSR 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 
(CAS-Before-RAS 
Refresh Cycle) 


CAS Hold Time (CAS-Before-RAS 
leHR 
15 
- 
15 
- 
20 
- 
20 
- 
25 
- 
ns 
Refresh Cycle) 


RAS Precharge to CAS Hold Time 
tRPC 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 
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• 


514266A-6 
514266A-7 
514266A-8 
514266A-10 
514266A-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Fast Page Mode Cycle Time 
tpc 
45 
- 
50 
- 
55 
- 
55 
- 
65 
- 
ns 


Fast Page Mode CAS 
Ie. 
10 
- 
10 
- 
10 
- 
10 
- 
15 
- 
ns 
Precharge Time 


Fast Page Mode RAS Pulse Width 
tRASC 
- 
10ססoo 
- 
10ססoo 
- 
10ססoo 
- 
10ססoo 
- 
10ססoo 
ns 
12 


Access Time From CAS Precharge 
tACP 
- 
40 
- 
45 
- 
50 
- 
50 
- 
60 
ns 
13 


RAS Hold Time From 


tRHCP 
40 
- 
45 
- 
50 
- 
50 
- 
60 
- 
CAS Precharge 
ns 


Fast Page Mode Read-Write 
tpcM 
95 
- 
100 
- 
lIO 
- 
115 
- 
135 
- 
ns 
Cycle Time 


514266A-6 
514266A-7 
514266A-8 
514266A-IO 
514266A-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Per Bit Setup Time 
twos 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Write Per Bit Hold Time 
tWOH 
10 
- 
10 
- 
12 
- 
15 
- 
15 
- 
ns 


Write Per Bit Selection Setup Time 
tWDS 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Write Per Bit Selection Hold Tune 
tWOH 
10 
- 
10 
- 
12 
- 
15 
- 
15 
- 
ns 


NOTES: 
I. AC measurements 
assume 
tT = 5ns. 


2. Assumes 
that tRCD S tRCD(max.) 
and tRAD S tRAD(max.). 
IftRCD or tRADis greater 
than the maximum 


recommended 
value shown in this table, 
tRACexceeds 
the value shown. 


3. Measured 
with a load circuit equivalent 
to 2 TIL 
loads and lOOpF. 


4. Assumes 
that tRCD 2: tRCD(max.) 
and tRAD S tRAD(max.). 


5. Assumes 
that tRCD s tRCD(max.) 
and tRAD 2: tRAD(max.). 


6. toFF (max.) 
defines 
the time at which the output achieves the open circuit condition 
and is not referenced 
to output 
voltage levels. 


7. VlH (min.) and VIL (max.) 
are reference 
levels for measuring 
timing of input signals. 
Also, transition 
times are 
measured 
between 
VlH and VIL. 


8. Operation 
with the tRCD (max.) 
limit insures 
that tRAC(max.) 
can be met, tRCD (max.) 
is specified 
as a reference 
point only, iftRcD is greater 
than the specified 
tRCD (max.) 
limit, then access time is controlled 
exclusively 
by leAC. 


9. Operation 
with the tRAD(max.) 
limit insures that tRAC (max.) 
can be met, tRAD (max.) 
is specified 
as a reference 
point only, if tRAD is greater 
than the specified 
tRAD (max.) 
limit, then access time is controlled 
exclusively 
by tAA. 


10. twcs, 
tRwD, lewD and tAwD are not restrictive 
operating 
parameters. 
They are included 
in the data sheet as electrical 
characteristics 
only: if twcs 
2: twcs (min.), 
the cycle is an early write cycle and the data out pin will remain 
open 
circuit 
(high impedance) 
throughout 
the entire cycle; 
if tRwD 2: tRWD(min.), 
lewD 2: tCWD(min.) 
and tAWD 2: 


tAWD(min.), 
the cycle is a read-write 
and the data output will contain 
data read from the selected 
cell; if neither 
of 
the above sets of conditions 
is satisfied, 
the condition 
of the data out (at access time) is indeterminate. 


II. 
These parameters 
are referenced 
to CAS leading 
edge in early write cycles and to WB/WE 
leading edge in delayed 
write or read-modify-write 
cycles. 


12. tRASCdefines 
RAS pulse width in fast page mode cycles. 


13. Access time is determined 
by the longer oftAA or tCACor tAC,," 


14. An initial pause of 100 p.s is required 
after power up followed by a minimum 
of eight initialization 
cycles 
(any 
combination 
of cycles containing 
RAS clock such as RAS-only 
refresh). 
If the internal 
refresh counter 
is used, a 
minimum 
of eight CAS-before-RAS 
refresh 
cycles are required. 


15. When using the write-per-bit 
capability, 
WB/WE 
must be low as RAS falls. 


16. The data bits to which the write operation 
is applied 
can be specified 
by keeping 
Wi/IOi 
high with setup and hold 
time referenced 
to the RAS negative 
transition. 
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Wl~'01[Dout 


W4/104 
Din 


IRAC 
lozc 
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W1/101 [Din 


W4~04 
Dout 


IRSH 


ICAS 


DE : Don't care 


• ~ 
: Don't care 
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W'\O'lDin 


W4/104 
Dout 


tRSH 


teAs 


"1 Invalid output 


" ~ 
: Don't care 
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W1/101 [Din 


W4~04 
Dout 
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Address. Din, WE : Don" care 


Dout: 
High-Z 
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tRHCP 


tRSH 
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tcSH 


tACO 


tpc 


tcp 


W1/101 [Din 


W4~04 
Dout 
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W1~'01[Dout 


W4/104 
Din 


• 
~: 
Don't care 
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HM51 1000S Series------ 
HM51 1OOOA Series 


The Hitachi HM511000S/A 
series is a CMOS dynamic RAM 


organized 
1048576-word 
x 1-bit. 
HM511000S/A 
has realized 


higher 
density, 
higher 
performance 
and 
various 
functions 
by 


employing 
1.31lm 
CMOS process 
technology 
and 
some 
new 


CMOS circuit design technologies. 
The HM511000S/A 
offers 
Fast Page Mode as a high speed 


access mode. 
Multiplexed 
address 
input permits the HM511000S/A 
to be 


packaged in standard 
18-pin plastic DIP, 20-pin plastic ZIP and 


20-pin plastic SOJ. 


Features 
• 
High speed; Access time 80/100/120 
ns (max) 


• 
Low power; 11 mW standby, 385/330/275 
mW active 


• 
Single 5V supply (±10%) 


• 
Fast page mode capability 


• 
512 refresh cycle; (8 ms) 


• 
2 variations of refresh; 
RAS-only refresh 
CAS·before-~ 
refresh 


Pin Arrangement 


HM511000SP Series 
HM511 OOOAPSeries 


Din 
V" 


WE 
Dout 


RAS 
CAS 
TF" 
NC 


NC 
A9 


V" 
4 


WE 
6 


NC 
8 


NC 10 


Al 
12 


A3 
14 


A4 16 


A6 
18 


A8 20 


11 AO 


13 A2 


17 AS 


19 A7 


HM511000 SP Series 
HM511000AP Series, 


(DP-18C) 


HM511000SJP Series 
HM511000AJP Series, 


(CP-20D) 


HM511OOOSZPSeries 
HM511000 AZP Series# 


(ZP-20) 


Pin Description 


Pin Name 
Function 


AO - A9 
AO - A8 
Din 
Dout 
RAS 


CAS 


WE 
TF*l 


VCC 
VSS 


Address input 
Refresh address input 
Data input 


Data output 
Row address strobe 
Column address strobe 
Read/Write input 
Test function 
Power (+5V) 


Ground 


Note) 
.,. 
TF pin cen be connected with 
any line or unconnected pro· 
vided the voltege level of TF pin 
must be kept lower then Vcc + 
O.5V. 


(Bottom View) 
~ 
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HM511000S/A 
Series 


Ordering Information 


Type 
No. 
Access 
Time 
Package 
Type 
No. 
Access 
Time 
Package 


HM5ll000P-8S 
80ns 
300 mil l8-pin 
HM511 000 AP-8 
80ns 
300 mil 
l8-pin 
HM511000P-lOS 
lOOns 
HM511000AP-10 
lOOns 
HM511 000P-12S 
l20ns 
Plastic 
DIP 
HM511000AP-12 
l20ns 
Plastic 
DIP 


HM511000JP-8S 
80ns 
300 mil 
HM5ll000AJP-8 
80ns 
300 
mil 
HM511 OOOJP-l OS 
lOOns 
20-pin 
Plastic 
SOJ 
HM511000AJP-10 
lOOns 
20-pin 
Plastic 
SOJ 


HM5 11 000JP-12S 
l20ns 
HM511000AJP-12 
l20ns 


HM511000ZP-8S 
80ns 
400 
mil 
HM5 11 000 AZP-8 
80ns 
HM5ll 
OOOZP-l OS 
lOOns 
HM511000AZP-lO 
lOOns 
400 
mil 


HM511000ZP-12S 
l20ns 


20-pin 
Plastic 
ZIP 
HM511 000 AZP-12 
l20ns 
20-pin 
Plastic 
ZIP 


Block Diagram 


HM511000S 
Series 


CAS 
WE 


0 
0 
0 
0 
~ 
, 
, 
, 
> 
Ol 
Ol 
Ol 
, 
g 
Ol 


1181< 
a 
1181< 
1181< 
a 
1181< 
1181< 
a 
1181< 
1181< 
a 
1181< 
~ 
~ 
~ 
~ 
... 


Memory .. 
Memory 
Memory .. 
Memory 
Memory .. 
Memory 
M",ory 
.. 
Memory 
~ 
'0 


Cell 
<i 
c.J1 
Cell 
<i c.J1 
Cell 
<i 
Cell 
c.J1 
<i 
Cell 
8 
E 
E 
E 
E 
" 
Array 
« 
Array 
Array 
« 
Array 
Array 
« 
Array 
Array 
« 
Array 
" 
~ 
~ 
. 
~ 
~ 
c 
c 
0 
. 
. 
~ 
'" 
'" 
. 
8 
'" 
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. . 
. . 
, 
, 
, 
, 
III 
.~ 
III 
III 
III 


0 
> ~ 
Ci)(i) 
0 ~ 0 
"- ~ 


"- 
> 
"- 
(j) 


VI 
- 
o 0 
- ~ 
0 
0 
256k 
"" 
"" 
"" 
256k 
::; 
::; 
256k 
"" 
"" 
256k 
::; 
::; 
(j) 
(j) 
~~ 
(j) 
"" 
(j) 
z 
~ 
Memory 
~ 
Memory 
Memory 
~ 
Memory 
0 ." 
0 
a. a. 
0 
0 
a. 
a. 
Cell 
::; 
8 
::; 
Cell 
Cell 
::; 
." 
::; 
Cell 
.eo 
.eo 
E 
E 
.eo 
8 
.eo 
E 
E 
" 
< < 
" 
< 
< 
Array 
0 
Array 
~ 
Array 
a. 
0 
Array 
a. 
a. 
~ 
a. 
~ 
~ 
E ~ 
E 
c 
E ~ 
E 
< 
< 
.. 
< 
< 
. 
. 
VI 
VI 
VI 


VI 
~ 0 ~ 
~ 8 ~ 
~ 
u 
~ 
c. . 
VI 
VI 


Parameter 


Voltage on any pin relative to VSS 
Supply voltage relative to VSS 
Short circuit output current 


Power dissipation 


Operating temperature 
Storage temperature 


Symbol 


VT 


VCC 


lOUT 
PT 
Topr 
Tstg 


Rating 


-1.0 
to +7.0 


-1.0 
to +7.0 


50 
1.0 
o to +70 


-55 to +125 


Unit 


V 


V 


mA 


W 
de 
de 
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Parameter 
Symbol 
Min 
Supply voltage 
Vcc 
4.5 


Input high voltage 
VIH 
2.4 
Input low voltage 
VIL 
-2.0 
Note) All voltages referenced to Vss. 


DC Characteristics (Vcc = 5V±10%, Vss = OV, Ta= Oto +70°C) 


HM511000-8S HM511000-IOS HM511000-12S 


Parameter 
Symbol HM511000A-8 HM511000A-IO HM511000A-12 
Unit 
Min 
Max 
Min 
Max 
Min 
Max 


mA 
RAS, CAS cycling, 
tRC; 
Min 


RAS, CAS; VIH 
TTL 
Dout ; High-Z 
interface 
mA 
RAS, CAS ~ VCC- 0.2V CMOS 
Dout ; High-Z 
interface 


RAS-only refresh, . 


mA 
tRC; Min 


mA 
RAS;VIH,CAS; 
VfL, 
Dout ; enable 
mA 
CAS-before-RASrefresh, 
tRC; 
Min. 


mA 
RAS; VIL, CAS cycling, 
tpc; 
Min 
,.A 
VIN; 0 to +7V 
VOUT; 0 to +7V, 
,.A 
Dout; 
disable 


VOH 
2.4 
VCC 
2.4 
VCC 
2.4 
VCC 
V 
lout; 
-SmA 
Output levels ---------------------------------------- 
VOL 
0 
0.4 
0 
0.4 
0 
0.4 
V 
lout; 
4.2mA 


Notes) "I. 
ICCdepends on output loading condition when the device is selected. ICCmax is specified at the output open 
condition. 
"2. Address can be changed less than three times while I{AS; VfL. 
"3. Address can be changed once or less while CAS; VIH. 


Input leakage 
Output 
leakage 


Parameter 
Symbol 
Typ 
Max 
Unit 
Note 
Address, Data input 
CII 
5 
pF 
"I 
Clocks 
CI2 
7 
pF 
"I 


Output capacitance 
Data output 
Co 
7 
pF 
"1,"2 


Notes) "I. 
<::aJ'.acitancemeasured with Boonton Meter or effective capacitance measuring method. 


*2. CAS; VIH to disable Dout. 
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HM511000S/A 
Series 


AC Characteristics 
(Ta = 0 to +70°C, VSS = OV, Vcc = 5V ± 10%) 


Test Conditions 
• Input 
rise and fall times: 
5ns 
• Output 
load: 
2 TTL 
Gate + CL (100pF) 
• Input 
timing 
reference 
levels: o.av. 2.4V 
(Including 
scope 
and jig) 


Read, Write, 
Read·Modify-Write 
and 
Refresh 
Cycles 
(Common 
Parameter) 


HM511000-8S 
HM511000·IOS 
HM511000-12S 
Parameter 
Symbol 
HM511000A-8 
HM511000A-IO 
HM511000A-12 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


Random read or write cycle time 
tRC 
160 
190 
220 
ns 


RAS precharge time 
tRP 
70 
80 
90 
ns 


RAS pulse width 
tRAS 
80 
10000 
100 
10000 
120 
10000 
ns 


CAS pulse width 
tCAS 
25 
10000 
25 
10000 
30 
10000 
ns 


Row address setup time 
tASR 
0 
0 
0 
ns 


Row address hold time 
tRAH 
12 
15 
15 
ns 


Column address setup time 
tASC 
0 
0 
0 
ns 


Column address hold time 
tCAH 
20 
20 
25 
ns 


RAS to CAS delay time 
tRCO 
22 
55 
25 
75 
25 
90 
ns 
*8 


RAS to column address delay time 
tRAO 
17 
40 
20 
55 
20 
65 
ns 
*9 


RAS hold time 
tRSH 
25 
25 
30 
ns 


CAS hold time 
tCsH 
80 
100 
120 
ns 


CAS to RAS precharge time 
tCRP 
10 
10 
10 
ns 
Transition time (rise and fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
*7 


Refresh period 
tREF 
8 
8 
8 
ms 


Read Cycle 


HM511000-8S 
HM511000-10S 
HM511000-12S 


Parameter 
Symbol 
HM511000A-8 HM511000A-IO 
HM511000A-12 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


Access time from RAS 
tRAC 
80 
100 
120 
ns 
*2,*3 
Access time from CAS 
tCAC 
25 
25 
30 
ns 
*3,*4 
Access time from address 
tAA 
40 
45 
55 
ns 
*3,*5 
Read command setup time 
tRCS 
0 
0 
0 
ns 
Read command hold time to CAS 
tRCH 
0 
0 
0 
ns 
Read command hold time to RAS 
tRRH 
10 
10 
10 
ns 
Column address to RAS lead time 
tRAL 
40 
45 
55 
ns 
Output buffer turn-off time 
tOFF 
20 
25 
30 
ns 
*6 


Write Cycle 


HM511000-8S 
HM511000-10S 
HM511000-12S 


Parameter 
Symbol HM511000A-8 HM511000A-IO 
HM511000A-12 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


Write command setup time 
twcs 
0 
0 
0 
ns 
*10 
Write command hold time 
tWCH 
20 
20 
25 
ns 
Write command pulse width 
twp 
15 
15 
20 
ns 
Write command to RAS lead time 
tRWL 
25 
25 
30 
ns 
Write command to CAS lead time 
tCWL 
25 
25 
30 
ns 
Data-in setup time 
tos 
0 
0 
0 
ns 
*11 
Data-in hold time 
tOH 
20 
20 
25 
ns 
*11 
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HM511000S/A Series 


Read-Modify-Write Cycle 


HM511000-SS HM511000-IOS 
HM511000-12S 
Parameter 
Symbol 
HM511000A-S HM511000A-1O HM511000A-12 
Unit 
Note 
Min 
Max 
Min 
Max 
Min 
Max 


Read-write cycle time 
tRWC 
190 
220 
255 
ns 


RAS to WE delay time 
tRWD 
SO 
100 
120 
ns 
*10 
CAS to WE delay time 
tCWD 
25 
25 
30 
ns 
*10 
Column address to WE delay time 
tAWD 
40 
45 
55 
ns 
*10 


Refresh Cycle 


HM511000-SS 
HM511000-IOS 
HM5l1000-12S 
Parameter 
Symbol 
HM511000A-S 
HM511000A-10 
HM511000A-12 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
CAS setup time (CAS-before-RAS refresh) 
tCSR 
10 
10 
10 
ns 


CAS hold time (CAS-before-RAS refresh) 
tCHR 
20 
20 
25 
ns 


RAS precharge to CAS hold time 
tRPC 
10 
10 
10 
ns 


Fast Page Mode Cycle 


HM5l1000-SS 
HM511000-IOS 
HM511000-12S 
Parameter 
Symbol 
HM511OOOA·S HM511000A-IO HM511000A-12 
Unit 
Note 
Min 
Max 
Min 
Max 
Min 
Max 


Fast page mode cycle time 
tpc 
55 
55 
65 
ns 
CAS precharge time 
tcp 
10 
10 
IS 
ns 
Fast page mode RAS pulse width 
tRASC 
100000 
100000 
100000 
ns 
*13 


Access time from CAS precharge 
tACP 
50 
50 
60 
ns 
*14 
RAS hold time from CAS pre charge 
tRHCP 
50 
50 
60 
ns 


Fast Page Mode Read-Modify-Write Cycle 


HM511000-SS 
HM51100:.J-IOS HM51100D-12S 
Parameter 
Symbol 
HM511000A-S 
HM511000A-IO HM511000A-12 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
Fast page mode read-write cycle time 
tPCM 
S5 
S5 
100 
ns 


Notes) 
*1. 
AC measurements assume tT = 5ns. 
*2. 
Assumes that tRCD ~ tRCD (max) and tRAD ~ tRAD (max). 
If tRCD or tRAD is greater than the maximum 
recommended 
value shown in this table, tRAC exceeds the value shown. 
*3. 
Measured with a load circuit equivalent to 2TTL loads and 100pF. 


*4. 
Assumes that tRCD ;;;tRCD (max), tRAD ;::;tRAD (max). 
*5. 
Assumes that tRCD ~ tRCD (max) and tRAD ;;;tRAD (max). 


*6. 
tOFF (max) is defined 
as the time at which the output 
achieves the open circuit condition 
and is not re- 


ferenced to output voltage levels. 


*7. 
Transition times are measured between VIH and VIL. 


*S. 
Operation 
with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a refer- 
ence point only, if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclu- 
sively by tCAe- 


*9. 
Operation 
with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a refer- 
ence point only, if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclu- 
sively by tAA. 
*10. 
twcs, 
tRWD. tCWD and tA WD are not restrictive operating parameters. 
They are included in the data sheet as 
electrical characteristics 
only: if twcs 
~ twcs 
(min), the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) 
throughout 
the entire cycle; if tRWD ;;;tRWD (min), tCWD ;;;tCWD 
(min) and tA WD ;;;tA WD (min), the cycle is a read/write and the data output will contain data read from the 
selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 


*11. 
These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write 
cycles. 
*12. 
An initial pause of 100"s is ~ired 
after power-up followed by eight or more initialization cycles (any combi- 


nation...£!..cycles containing 
RAS clock such as RAS-only refresh). 
If internal refresh counter is used, eight or 
more CAS-before-RAS refresh cycles are required. 
*13. 
tRASC is determined by RAS pulse width in fast page mode cycle. 
*14. 
Access time is determined by the longer of tAA. tCAC or tACP. 
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Timing Waveforms 


Read Cycle 


Notes) 
*1.F.Za: 
Don't 
care 


*2.lwcs-=twcs(min) 
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HM511000ALPI 
ALJPI ALZP-8/10/12 
- Preliminary 


1,048,576-Word 
x 1-Bit Dynamic 
Random Access Memory 


• 
DESCRIPTION 


The 
Hitachi 
HM511000ALP/ALJP/ALZP 
family 
is a CMOS 
dy- 
namic 
RAM 
organized 
1,048,576 
word 
x 
1-bi!. 
HM511000ALPI 
ALJP/ALZP 
has realized 
higher 
density, 
higher 
performance 
and 
various 
functions 
by employing 
1.3/Lm CMOS 
process 
technology 
and 
some 
new 
CMOS 
circuit 
design 
technologies. 
The 
HM511000ALP/ALJP/ALZP 
offers Fast Page Mode as a high speed 
access mode. 


Multiplexed 
address 
input 
permits 
the 
HM511000ALP/ALJPI 
ALZP to be packaged 
in standard 
18-pin plastic 
DIp, 20-pin plastic 
SOJ and 20-pin plastic ZIP. 


• 
FEATURES 


• Single 5V (± 10%) 
• High Speed 
Access Time 
80/100/120ns 
(max.) 
• Low Power Dissipation 
Active Mode 
385/330/275mW 
(max.) 
Standby 
Mode 
1.7mW (max.) 
• Fast Page Mode Capability 
• 512 Refresh Cycles 
(64 ms) 


• 2 Variations 
of Refresh 
RAS-Only 
Refresh 
CAS-Before-RAS 
Refresh 


Part No. 
Access 
Package 


HM511000ALP-8 
80ns 
300 mil 18 pin 
HM511000ALP-lO 
lOOns 
Plastic DIP 
HM511000ALP-12 
120ns 
(DP-18C) 


HM511000AUP-8 
80ns 
300 mil 20 pin 
HM511000AUP-1O 
lOOns 
Plastic 50J 
HM511000AUP-12 
120ns 
(CP-20D) 


HM511000ALZP-8 
80ns 
400 mil 20 pin 
HM511000ALZP-1O 
lOOns 
Plastic ZIP 
HM511000ALZP-12 
120ns 
(ZP-20) 


Pin Name 
Function 


Ao-A9 
Address 
Input 


Ao-Ag 
Refresh 
Address 
Input 


DIN 
Data-In 


DOUT 
Data-Out 


RAS 
Row Address 
Strobe 


CAS 
Column 
Address 
Strobe 


WE 
Read/Write 
Enable 


TF 
Test Function' 


Vcc 
Power 
Supply (+ SV) 


Vss 
Ground 


* 
TF pin can be connected 
with any lines 


on P.C. board. 
However, 
the voltage 


level of TF pin must be kept lower than 
Vcc + O.S¥. 
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• 
PIN ARRANGEMENT 


• HM511000ALP Series 


Din 
1 
Vss 
Din 
CAS 
1 A9 
18 


WE 
2 
17 
Dout 
WE 
2 
19 Dout 
3 
Dout 
Vss 
RAS 
3 
16 
CAS 
RAS 
3 
18 CAS 
WE 
5 
Din 


TF' 
4 
15 
A9 
TF' 4 
17 NC 
7 
RAS 
NC 
8 
Ao 
5 
14 
A8 
NC 
5 
16 A9 
NC 
10 
9 TF' 


A, 
6 
13 
A7 
11 Ao 
A1 
12 
A2 
7 
12 
A6 
Ao 
6 
18 
15 A8 
13A2 
A3 
14 
A3 
8 
11 
AS 
A, 
7 
17 
14 A7 
15VCC 
Vcc 
9 
10 
A4 
A2 
8 
16 
13 A6 
A416 
17 As 
A3 
9 
15 
12 A5 
As 18 
19A7 
VCC10 
14 
11 A4 
As 20 


(Top View) 
(Top View) 
(Bottom View) 


• 
BLOCK DIAGRAM 
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Parameter 
Symbol 
Value 
Unit 


Voltage 
on Any 
Pin Relative 
to V 55 
VT 
-1.0 
to +7.0 
V 


Supply 
Voltage 
Relative 
to V 55 
VCC 
-1.0 
to +7.0 
V 


Short 
Circuit 
Output 
Current 
lout 
50 
mA 


Power 
Dissipation 
PT 
1.0 
W 


Operating 
Temperature 
Toor 
o to +70 
°C 


Storage 
Temperature 
TStR 
-55 
to + 125 
°C 


• 
ELECTRICAL 
CHARACTERISTICS 


• Recommended 
DC Operating 
Conditions 
(Ta = 0 to +70°C) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


Supply 
Voltage 
Vcc 
4.5 
5.0 
5.5 
V 
I 


Input 
High 
Voltage 
VIH 
2.4 
- 
6.5 
V 
I 


Input 
Low 
Voltage 
V1L 
-2.0 
- 
0.8 
V 
I 


HM511000AL-8 
HM511000AL-10 
HM511000AL-12 
Parameler 
Symbol 
Test Conditions 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Operating Current 
Icc, 
tRC = Min. 
- 
70 
- 
60 
- 
50 
mA 
1,2 


TTL Interface RAS, 
CAS = V'H' 
- 
2 
- 
2 
- 
2 
mA 


DOUT= High Z 


Standby Current 
Ica 


CMOS Interface RAS, 
CAS ~ Vcc - 0.2V 
- 
300 
- 
300 
- 
300 
I'A 


DOUT= High Z 


RAS-Only Refresh Current 
ICeJ 
tRC = Min. 
- 
60 
- 
50 
- 
45 
mA 
2 


Battery Back-Up Current 
Icc. 
tRC = ~,CAS 
- 
300 
- 
300 
- 
300 
I'A 
4 
Before RAS Cycling 


RAS = V'H' 
Standby Current 
Icc, 
CAS = V'L' 
- 
5 
- 
5 
- 
5 
mA 
I 


DOUT= Enable 


CAS-Before-RAS 
Refresh 
Icc6 
tRe = Min. 
60 
50 
40 
mA 
Current 
- 
- 
- 


Fast Page Mode Current 
Icc7 
tpc = Min. 
- 
50 
- 
50 
- 
40 
mA 
1,3 


Input Leakage Current 
III 
OV,,; 
V'N"; 
7V 
-10 
10 
-10 
10 
-10 
10 
I'A 
r 
OV :5 VOUT,,; 7V 
Output Leakage Current 
ILO 
DOUT= Disable 
-10 
10 
-10 
10 
-10 
10 
I'A 


Output High Voltage 
VOH 
High lOUT= -5mA 
2.4 
Vcc 
2.4 
Vcc 
2.4 
Vcc 
V 


Output Low Voltage 
VOL 
Low loUT = 4.2 mA 
0 
0.4 
0 
0.4 
0 
0.4 
V 


NOTES: 
I. Icc depends 
on output load condition 
when the device is selected, 
Icc max. is specified 
at the output open condition. 


2 .. Address 
can be changed 
less than three times while RAS = V'L. 


3. Address 
can be changed 
once or less while CAS = VIH. 


4. tRAS = tRAS min. to 1 I'S 
Input voltage: 
All pins,,; 
Vcc - O.ZV or ,,; O.ZY. 
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• 
CAPACITANCE 
(Ta = 25°C, 
VCC = 5V ± 10%) 


Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Input Capacitance 
(Address, 
Data-In) 
CII 
- 
5 
pF 
I 


Input Capacitance 
(Clocks) 
C12 
- 
7 
pF 
I 


Output Capacitance 
(Data-Out) 
Co 
- 
7 
pF 
1,2 


NOTES: 
1. Capacitance 
measured 
with Boonton 
Meter or effective 
capacitance 
measuring 
method. 


2. CAS = VIH to disable 
DOll!' 


• 
AC CHARACTERISTICS 
(Ta = O°C to 70°C, 
Vcc = 5V ± 10%, Vss = OV)(I), (12) 


• Read, Write, Read-Modify-Write 
and Refresh Cycles (Common 
Parameters) 


HM511000AL-8 
HM511000AL-IO 
HM511000AL-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Random Read or Write Cycle Time 
tRC 
160 
- 
190 
- 
220 
- 
ns 


RAS Precharge 
Time 
tRP 
70 
- 
80 
- 
90 
- 
ns 


RAS Pulse Width 
tRAS 
80 
1ססoo 
100 
1ססoo 
120 
1ססoo 
ns 


CAS Pulse Width 
teAS 
25 
1ססoo 
25 
1ססoo 
30 
1ססoo 
ns 


Row Address Set-Up Time 
tASR 
0 
- 
0 
- 
0 
- 
ns 


Row Address Hold Time 
tRAH 
12 
- 
15 
- 
15 
- 
ns 


Column Address Set-Up Time 
tASC 
0 
- 
0 
- 
0 
- 
ns 


Column Address Hold Time 
teAH 
20 
- 
20 
- 
25 
- 
ns 


RAS to CAS Delay Time 
tRCD 
22 
55 
25 
75 
25 
90 
ns 
8 


RAS to Column Address Delay Time 
tRAD 
17 
40 
20 
55 
20 
65 
ns 
9 


RAS Hold Time 
tRSH 
25 
- 
25 
- 
30 
- 
ns 


CAS Hold Time 
teSH 
80 
- 
100 
- 
120 
- 
ns 


CAS to RAS Precharge 
Time 
teRP 
10 
- 
10 
- 
10 
- 
ns 


Transition Time (Rise and Fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
7 


Refresh Period 
tREF 
- 
64 
- 
64 
- 
64 
ms 


HM511000AL-8 
HM511000AL-IO 
HM511000AL-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Access Time From RAS 
tRAC 
- 
80 
- 
100 
- 
120 
ns 
2,3 


Access Time From CAS 
teAC 
- 
25 
- 
25 
- 
30 
ns 
3,4 


Access Time From Address 
tAA 
- 
40 
- 
45 
- 
55 
ns 
3,5 


Read Command 
Setup Time 
tRCS 
0 
- 
0 
- 
0 
- 
ns 


Read Command 
Hold Time to CAS 
tRCH 
0 
- 
0 
- 
0 
- 
ns 


Read Command 
Hold Time to RAS 
tRRH 
10 
- 
10 
- 
10 
- 
ns 


Column Address to RAS Lead Time 
tRAL 
40 
- 
45 
- 
55 
- 
ns 


Output Buffer Turn-Off Time 
\oFF 
- 
20 
- 
25 
- 
30 
ns 
6 
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HM511000AL-8 
HM511000AL-IO 
HM511000AL-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Command 
Setup Time 
twcs 
0 
- 
0 
- 
0 
- 
ns 
10 


Write Command 
Hold Time 
tWCH 
20 
- 
20 
- 
25 
- 
ns 


Write Command 
Pulse Width 
twP 
15 
- 
15 
- 
20 
- 
ns 


Write Command 
to RAS Lead Time 
tRwL 
25 
- 
25 
- 
30 
- 
ns 


Write Command 
to CAS Lead Time 
tCWL 
25 
- 
25 
- 
30 
- 
ns 


Data-in Setup Time 
tDS 
0 
- 
0 
- 
0 
- 
ns 
11 


Data-in Hold Time 
tDH 
20 
- 
20 
- 
25 
- 
ns 
II 


HM511000AL-8 
HM511000AL-IO 
HM511000AL-12 


Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read-Write Cycle Time 
tRWC 
190 
- 
220 
- 
225 
- 
ns 


RAS to WE Delay Time 
tRWD 
80 
- 
100 
- 
120 
- 
ns 
10 


CAS to WE Delay Time 
teWD 
25 
- 
25 
- 
30 
- 
ns 
10 


Column Address to WE Delay Time 
tAwD 
40 
- 
45 
- 
55 
- 
ns 
10 


HM511000AL-8 
HM511000AL-IO 
HM511000AL-12 


Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS Setup Ti~ 
teSR 
10 
- 
10 
- 
10 
- 
ns 
(CAS-Before-RAS 
Refresh Cycle) 


CAS Hold Time 
teHR 
20 
20 
25 
(CAS-Before-RAS 
Refresh Cycle) 
- 
- 
- 
ns 


RAS Precharge 
to CAS Hold Time 
tRPC 
10 
- 
10 
- 
10 
f - 
ns 


HM511000AL-8 
HM511000AL-10 
HM511000AL-12 
Parameter 
Symbol 
Uliit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Fast Page Mode Cycle Time 
tpc 
55 
- 
55 
- 
65 
- 
ns 


Fast Page Mode CAS Precharge Time 
tep 
10 
- 
10 
- 
15 
- 
ns 


Fast Page Mode RAS Pulse Width 
tRASC 
- 
10ססoo 
- 
10ססoo 
- 
10ססoo 
ns 
13 


Access Time From CAS Precharge 
tACP 
- 
50 
- 
50 
- 
60 
ns 
14 


RAS Hold Time From CAS Precharge 
tRHCP 
50 
- 
50 
- 
60 
- 
ns 
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HM511000AL-8 
HM511000AL-IO 
HM511000AL-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Fast Page Mode 
tpcM 
85 
- 
85 
- 
100 
- 
ns 
Read-Write Cycle Time 


I. AC measurements 
assume 
tT = 5ns. 


2. Assumes 
that tRCD :S tRCD(max.) 
and tRAD :S tRAD (max.). 
If tRCDor tRAD is greater 
than the maximum 
recommended 
value shown in this table, tRACexceeds 
the value shown. 


3. Measured 
with a load circuit equivalent 
to 2 ITL 
loads and lOOpF. 


4. Assumes 
that tRCD ~ tRCD (max.) 
and tRAD :S tRAD(max.). 


5. Assumes 
that tRCD :S tRCD (max.) 
and tRAD ~ tRAD(max.). 


6. toFF (max.) 
defines 
the time at which the output achieves 
the open circuit condition 
and is not referenced 
to output 


voltage levels. 


7. VIH (min.) 
and VIL (max.) 
are reference 
levels for measuring 
timing of input signals. 
Also, transition 
times are 


measured 
between 
VIH and VIL. 


8. Operation 
with the tRCD (max.) 
limit insures that tRAC(max.) 
can be met, tRCD (max.) 
is specified 
as a reference 


point only, if tRCD is greater 
than the specified 
tRCD (rnax.) limit, then access time is controlled 
exclusively 
by !cAC. 


9. Operation 
with the tRAD (max.) 
limit insures that tRAC (max.) 
can be met, tRAD (max.) 
is specified 
as a reference 


point only, if tRAD is greater 
than the specified 
tRAD(max.) 
limit, then access time is controlled 
exclusively 
by tAA. 


10. twcs, 
tRwD, !cwo and tAWDare not restrictive 
operating 
parameters. 
They are included 
in the data sheet as electrical 
characteristics 
only: if twcs 
~ twcs (min.), 
the cycle is an early write cycle and the data out pin will remain 
open 


circuit 
(high impedance) 
throughout 
the entire cycle; 
iftRwD 
~ tRWD(min.), 
!cwo 
~ !cwo (min.) 
and tAwD ~ 


tAWD(min.), 
the cycle is a read-write 
and the data output will contain 
data read from the selected 
cell; if neither 
of 


the above sets of conditions 
is satisfied, 
the condition 
of the data out (at access time) is indeterminate. 


II. 
These parameters 
are referenced 
to CAS leading edge in early write cycles and to WE leading edge in a delayed 
write 


or a read-modify-write 
cycles. 


12. An initial pause of 100 p.s is required 
after power up followed by a minimum 
of eight initialization 
cycles (any 


combination 
of cycles containing 
RAS clock such as RAS-only 
refresh). 
If the internal 
refresh counter 
is used, a 


minimum 
of eight CAS-before-RAS 
refresh 
cycles are required. 


13. tRASCdefines 
RAS pulse width in fast page mode cycles. 


14. Access time is determined 
by the longer of tAA or !cAC or tAC~ 
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• 
TIMING 
WAVEFORMS 


• Read Cycle 


tAC 


RAS 
tRAS 


tAcO 


tCSH 
tCAP 


CAS 


tASA 


tASC 


tCAC 


tAA 
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Din 


Open •• 


• ~ 
: Don't care 


•• 
twcs ~twcs (min) 
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tCSH 


tRCD 


tpc 


tCAS 
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tCSH 


tRCO 


tpc 


tcp 


• ~ 
: Don't care 


•• twcs~twcs (min) 
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HM511000H 
Series 


The 
Hitachi 
HM511000H 
series is a CMOS dynamic 
RAM or- 
ganized 
1048576-word 
x 1-bit. 
HM511000H 
has realized higher 


density, 
higher performance 
and various functions 
by employing 


1.3/-1m 
CMOS 
process technology 
and some new CMOS circuit 


design technologies. 
The HM511000H 
offers 
Fast Page Mode as a high speed access 


mode. 


Multiplexed 
address 
input 
permits 
the 
HM511000H 
to 
be 


packaged 
in standard 
18-pin 
plastic 
DIP, 20-pin 
plastic 
ZIP and 


20-pin 
plastic SOJ. 


Features 


• 
High speed; Access time 60ns/70ns 
(max) 


• 
Low power; 
11 mW standby, 
495mW/440mW 
active 


• 
Single 5V supply 
(±10%) 


• 
Fast page mode capability 
• 
512 refresh cycle; 
(8 ms) 
• 
2 variations 
of refresh; 
RAS'-on Iy refresh 
CAS-before-"RAS' refresh 


Pin Arrangement 


• 
HM511000HP 
hri•• 


Din 
V.~.\ 


WE 
DOllt 


RAS 
CAS 


TF· 1 
NC 


NC 
A9 


AO 
A8 


AI 
A7 


A2 
A6 


A3 
AS 


V" 
10 
13 
14 " 


A4 


CAS 
2 


1 A9 


3 Dout 
V" 
4 


WE 
5 Din 
6 


7 RAS 


NC 
8 


NC 
10 
9 TF-1 


" 
AO 
Al 
12 


13 
A2 


A3 
14 


A4 
16 


15 
Vec 


17 
AS 


A6 
18 


19 
A7 


AS 
20 


(DP-18C) 


HM511000HZP Series 


(CP-20D) 


HM511000HJP Series 


Pin Description 
Pin Name 


AO - A9 
AO - A8 


Din 
Dout 


RAS 


CAS 
WE 
TF"j 


Function 
Address input 
Refresh address input 


Data input 


Data output 
Row address strobe 


Column address strobe 
Read/Write input 
Test function 
Vcc 
Power (+5V) 
VSS 
Ground 


Note: 
1. 
T F pin can be connected 
with any line or unconnected 
provided 
the voltage 
level 
of TF pin must be kept 
lower than 
VCC +O.5V. 
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Ordering Information 


Type No. 
Access Time 


HM511000HP-6 
60ns 
HM511000HP-7 
70ns 


HM511 OOOHJP-6 
60ns 
HM511000HJP-7 
70ns 


HM511 OOOHZP-6 
60ns 
HM511000HZP-7 
70ns 


. 
. 
. 
. 
~ 
, 
, 
, 


CD 
CD 
CD 
, 
~ 
CD 


118k 
0 
118k 
118k 
0 
IZ8k 
118k 
0 
118k 
118k 
0 
118k 
~ 
~ 
~ 
..... 
oil 


Memory .. 
Memory 
Memory .. 
Memory 
Memory .. 
Memory 
Memory 
- 
Memory 
~ 
.. 
"0 


Cell 
~ 
Cell 
Cell 
~ Cell 
Cell 
ci 
Cell 
Cell 
ci 
Cell 
8 
E 
E 
'" 
Array 
'" 
Array 
Array 
'" 
Array 
Array 
'" 
Array 
Array 
'" 


Array 
0 


~ 
~ 
~ 
~ 
E 
. 
. 
c 
~ 
<Jl 
<Jl 
<Jl 
. 
<5 
<Jl 
U 
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Absolute 
Maximum Ratings 


Parameter 
Symbol 
Rating 
Unit 


Voltage on any pin relative to VSS 
VT 
-1.0 to +7.0 
V 


Supply voltage relative to VSS 
VCC 
-1.0 to +7.0 
V 


Short circuit output current 
lOUT 
50 
mA 


Power dissipation 
PT 
1.0 
W 


Operating temperature 
Topr 
o to +70 
°c 


Storage temperature 
Tstg 
-55 to +125 
°c 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Supply voltage 
VCC 
4.5 
5.0 
5.5 
V 


input high voltage 
VIH 
2.4 
6.5 
V 


input low voltage 
VIL 
-2.0 
0.8 
V 


Note) 
All voltages referenced to VSS' 


DC Characteristics (V CC = 5V ± 10%, VSS = OV, Ta = 0 to +70°C) 


Parameter 
Symbol 
HM511000H-6 
HM511000H·7 


Min 
Max 
Min 
Max 
Unit 
Test condition 


Operating 
lCCl 
90 
80 
mA 
RAS, CAS cycling, 
current 
tRC ••Min 


2 
2 
RAS, CAS ~ VJH 
TIL 


Standby current 
lCC2 
mA 
Dout • High·Z 
interface 


RAS, CAS?; Vcc - 0.2V 
CMOS 
Dout = High·Z 
interface 
Refresh 
lCC3 
90 
80 
mA 
RAS-only refresh, 
current 
tRc=Min 


Standby 
lCC5 
5 
5 
mA 
RAS •• VJH, CAS = VJL, 
current 
Dou t •• enable 
Refresh 
lCC6 
90 
80 
mA 
CAS·before·RAS refresh, 
current 
tRC = Min 


Fast page mode 
lCC7 
90 
80 
mA 
RAS = VJL, CAS cycling, 
current 
tpC= Min 


Input leakage 
ILl 
-10 
10 
-10 
10 
/loA 
V/N= 0 to +7V 


Output leakage 
!La 
-10 
10 
-10 
10 
/loA 
VOUT= 0 to +7V, 
Dout = disable 


VOH 
2.4 
VCC 
2.4 
VCC 
V 
lout = -SmA 
Output levels 


VOL 
0 
0.4 
0 
0.4 
V 
lout = 4.2mA 


Notes) 
*1. 
lCC depends on output loading condition when the device is selected. lCC max is specified at the output open 
condition. 


*2. 
Address can be changed less than three times while RAS = VJL. 


*3. 
Address can be changed once or less while CAS = VIR- 


Parameter 
Symbol 
Typ 
Max 
Unit 
Note 
Address, Data input 
CIl 
5 
pF 
*1 
Input capacitance 
Clocks 
Cl2 
7 
pF 
*1 


Output capacitance 
Data output 
Co 
7 
pF 
*1,*2 


Notes) 
-1. 
~acitance 
measured with Boonton 
Meter or effective capacitance 
measuring method. 


*2. 
CAS = VIH to disable Dout. 


@HITACHI 


HitachiAmerica,Ltd.• HitachiPlaza. 2000 SierraPointPkwy.• Brisbane,CA94005-1819• (415)589-8300 
753 


HM511000H 
Series 


AC Characteristics 
(Ta = 0 to +70°C, 
VSS = OV, VCC = 5V ± 10%) 


Test Conditions 
• 
Input 
rise and fall times: 
5ns 
• Output 
load: 
2 TTL Gate + CL (100pF) 
• 
Input 
timing 
reference 
levels: O.8V, 2.4V 
(Including 
scope 
and jig) 


Read, 
Write, 
Read-Modify-Write 
and Refresh 
Cycles 
(Common 
Parameter) 


HM511000H-6 
HM511000H-7 
Parameter 
Symbol 
Unit 
Note 
Min 
Max 
Min 
Max 
Random read or write cycle time 
tRC 
125 
140 
ns 


RAS precharge time 
tRP 
55 
60 
ns 


RAS pulse width 
tRAS 
60 
10000 
70 
10000 
ns 


CAS pulse width 
tCAS 
20 
10000 
20 
10000 
ns 


Row address setup time 
tASR 
0 
0 
ns 


Row address hold time 
tRAH 
10 
10 
ns 


Column address setup time 
tASC 
0 
0 
ns 
Column address hold time 
tCAH 
15 
15 
ns 


RAS to CAS delay time 
tRCD 
20 
40 
20 
50 
ns 
*8 


RAS to column address delay time 
tRAD 
15 
30 
15 
35 
ns 
*9 


RAS hold time 
tRSH 
20 
20 
ns 
CAS Hold Time 
tCSH 
60 
70 
ns 


CAS to RAS precharge time 
tCRP 
10 
10 
ns 
Transition time (rise and fall) 
tT 
3 
50 
3 
50 
ns 
*7 


Refresh period 
tREF 
8 
8 
ms 


Read Cycle 


HM511000H-6 
HM511000H-7 
Parameter 
Symbol 
Unit 
Note 
Min 
Max 
Min 
Max 
Access time from RAS 
tRAC 
60 
70 
ns 
*2,*3 
Access time from CAS 
tCAC 
20 
20 
ns 
*3,*4 
Access time from address 
tM 
30 
35 
ns 
*3,*5 
Read command setup time 
tRCS 
0 
0 
ns 
Read command hold time to CAS 
tRCH 
0 
0 
ns 
Read command hold time to RAS 
tRRH 
10 
10 
ns 
Column address to RAS lead time 
tRAL 
30 
35 
ns 
Output buffer turn-off time 
tOFF 
20 
20 
ns 
*6 


Write Cycle 


Parameter 
Symbol 
HM511000H-6 
HM511000H-7 
Unit 
Note 
Min 
Max 
Min 
Max 


Write command setup time 
twcs 
0 
0 
ns 
*10 
Write command hold time 
tWCH 
15 
15 
ns 
Write command pulse width 
twp 
10 
10 
ns 
Write command to RAS lead time 
tRWL 
20 
20 
ns 
Write command to CAS lead time 
tCWL 
20 
20 
ns 
Data-in setup time 
tDS 
0 
0 
ns 
*11 


Data-in hold time 
tDH 
15 
15 
ns 
*11 
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HM511000H 
Series 


HM511000H-6 
HM511000H-7 
Symbol 
Unit 
Note 
Min 
Max 
Min 
Max 


tRWC 
150 
165 
ns 


tRWD 
60 
70 
ns 
*10 


tCWD 
20 
20 
ns 
*10 


tAWD 
30 
35 
ns 
*10 


HM511000H--6 
HM511000 H-7 
Symbol 
Unit 
Note 
Min 
Max 
Min 
Max 


tCSR 
10 
10 
ns 


tCHR 
15 
15 
ns 


tRPC 
10 
10 
ns 


Read-write cycle time 


RAS to WE delay time 


CAS to WE delay time 
Column address to WE delay time 


CAS setup time (CAS--before-RAS refresh) 


CAS hold time (CAS-before-RAS refresh) 
RAS precharge to CAS hold time 


HM511000H--6 
HM511000 H-7 
Symbol 
Unit 
Min 
Max 
Min 
Max 


tpc 
45 
50 
ns 


tcp 
10 
10 
ns 


tRASC 
100000 
100000 
ns 


tACP 
40 
45 
ns 


tRHCP 
40 
45 
ns 


Fast page mode cycle time 


CAS precharge time 


Fast page mode RAS pulse width 
Access time from CAS precharge 
RAS hold time from CAS precharge 


HM511000H-6 
Min 
Max 


HM511 000H-7 
Min 
Max 


Fast page mode read-write cycle time 
tpCM 
70 
75 
ns 


Notes) 
*1. 
AC measurements assume tT = 5ns. 
*2. 
Assumes that tRCD ~ tRCD (max) and tRAD;:; tRAD (max). 
If tRCD or tRAD is greater than the maximum 
recommended 
value shown in this table, tRAC exceeds the value shown. 
*3. 
Measured with a load circuit equivalent to 2TTL loads and 100pF. 
*4. 
Assumes that tRCD ~ tRCD (max), tRAD ;:;tRAD (max). 


*5. 
Assumes that tRCD;:; tRCD (max) and tRAD-~tRAD 
(max). 


*6. 
tOFF (max) is defined 
as the time at which the output 
achieves the open circuit condition 
and is not re- 
ferenced to output voltage levels. 
*7. 
Transition times are measured between VIH and VIL. 
*8. 
Operation 
with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a refer- 
ence point only, if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclu- 
sively by tCAC. 
*9. 
Operation 
with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a refer- 
ence point only, if tRAD is greater than the specified tRAD 
(max) limit, then access time is controlled exclu- 
sively by tAA. 


*10. 
twcs, 
tRWD, tCWD and tAWD are not restrictive operating parameters. 
They are included in the data sheet as 
electrical characteristics 
only: if twcs 
~ twcs 
(min), the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) 
throughout 
the entire cycle; if tRWD ~ tRWD (min), tCWD ~ tCWD 
(min) and tAWD ~ tA WD (min), the cycle is a read/write and the data output will contain data read from the 
selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 


*II. 
These parameters 
are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write 
cycles. 
*12. 
An initial pause of 100llS is r~ed 
after power~ollowed 
by eight or more initialization cycles (any com- 
bination of cycles containing 
RAS clock such as RAS-only refresh). 
If internal refresh counter 
is used, eight 
or more CAS-before-RAS refresh cycles are required. 
*13. 
tRASC is determined by RAS pulse width in fast page mode cycle. 
*14. 
Access time is determined by the longer of tAA, tCAC or tACP. 
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Timing Waveforms 
Read Cycle 


Notes: 
* 1. t7'~ 
: Don't 
care 


*2. t"C$~t.cs(min) 
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Notes: 
.1. 
~ 
. Don't <:aTlt 


• 2. 
h·l"J~hr.s(min.) 
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HM511001S Series 


The 
Hitachi 
HM511001S 
series is a CMOS dynamic 
RAM 


organized 1048576-word 
x 1-bit_ HM511001S has realized higher 


density, higher performance and various functions 
by employing 


1.3 J.lm CMOS process technology 
and some new CMOS circuit 


design technologies. 
The HM511001S 
offers 
Nibble 
Mode as a high speed access 


mode. 


Multiplexed 
address input 
permits 
the 
HM511 001S to 
be 


packaged in standard, 18-pin plastic DIP, 20-pin plastic ZIP and 
20-pin plastic SOJ. 


Features 
• 
High speed; Access time 80/100/120 
ns (max) 


• 
Low power; 11 mW standby, 385/330/275 
mW active 
• 
Single 5V supply (±1 0%) 
• 
Nibble mode capability 
• 
512 refresh cycle; (8 ms) 


• 
2 variations of refresh; 
RAS-only refresh 
CAS"-before-RAS"refresh 


Pin Arrangement 


• HM511001SP 
Series 


Pin Description 


Symbol 


AO - A9 


AO-AS 
A9 


Din 
V" 


WE 
Dout 


RAS 
CAS 


IT"' 
NC 


NC 
A9 


Din 


Dout 
RAS 


CAS 


WE 
TF*l 


Address 
input 


Refresh 
address 
input 


Nibble 
address 
input 


Data input 


Data output 


Row address 
strobe 


Row address 
strobe 


Read/Write 
input 


Test function 


Vcc 


VSS 


Note) 
'1. 
T F pin cen be connected 
with 


eny line or unconnected 
pro- 


vided the voltege 
level of TF pin 


must be kept lower then 
V CC + 


O.5V_ 


Power 
(+5V) 


Ground 
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NC 
8 
9 TF-I 
NC 
10 
11 AO 
Al 
12 
13 A2 
A3 
I' 


15 Vcc 
A' 
16 


17 AS 
A6 
18 
19 A7 
A8 
20 


(Bottom View) 


Ordering Information 


Type No. 


HM511001P·8S 
HM5110001P·IOS 
HM5110001P·12S 


HM511001JP·8S 
HM511001JP·IOS 
HM511001JP·12S 


HM511001Zp·8S 
HM51100IZp·IOS 
HM511001Zp·12S 


Access Time 


80ns 
lOOns 
120ns 


80ns 
lOOns 
120ns 


80ns 
lOOns 
120ns 


Ao-A'I 


Absolute Maximum 
Ratings 


Parameter 
Symbol 
Rating 
Unit 


Voltage on any pin relative to Vss 
VT 
-1.0 to +7.0 
V 
Supply voltage relative to Vss 
VCC 
-1.0 to +7.0 
V 
Short circuit ou tput current 
lout 
50 
mA 
Power dissipation 
PT 
1.0 
W 
Operating temperature 
Topr 
o to +70 
·c 
Storage temperature 
Tstg 
-55 to +125 
·c 


_. 
M~_r 
. M"."r 
Q. 
•.II 
CII'II 
. C•.U 
E 
•• ':r 
Arr.~· 
& Arr.~· . 
> 
'Cc 


olli 
c 
o~ 
-0u 
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Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Supply voltage 
VCC 
4.5 
5.0 
5.5 
V 


Input high voltage 
VIH 
2.4 
6.5 
V 


Input low voltage 
VIL 
-2.0 
0.8 
V 


Note) 
All voltages referenced to VSS' 


CAS-before-RAS refresh, 
tRC = Min. 
RAS = VIL, CAS cycling, 
tNC= Min 


VIN=Oto+7V 
VOUT = 0 to +7V, 
Dout = disable 


VOH 
2.4 
VCC 
2.4 
VCC 
2.4 
VCC 
V 
lout = -5mA 
Output levels ---------------------------------------- 
VOL 
0 
0.4 
0 
0.4 
0 
0.4 
V 
lout = 4.2mA 


Notes) *1. 
ICC depends on output loading condition when the device is selected. ICC max. is specified at the output open 
condition. 
*2. 
Address can be changed less than three times while ~ 
= VIL. 
*3. 
Address can be changed once or less while CAS = VIH. 


DC Characteristics 
(Vcc = SV ±! 0%, Vss = OV, Ta = 0 to +70°C) 


Symbol 
HM51100I-8S 
HM5II00I-IOS 
HM511001-12S 


Parameter 
Min 
Max 
Min 
Max 
Unit 
Min 
Max 


Operating 
ICCI 
70 
60 
50 
mA 
current 


2 
2 
2 


Standby 
ICC2 
mA 
current 


Refresh 
ICC3 
60 
50 
45 
mA 
current 


Standby 
Iccs 
5 
5 
5 
mA 
current 


Refresh 
ICC6 
60 
50 
40 
mA 
current 
Nibble 
ICCS 
50 
50 
40 
mA 
mode current 
Input leakage 
ILl 
-10 
10 
-10 
10 
-10 
10 
jJA 


Output 
ILO 
-10 
10 
-10 
10 
-10 
10 
jJA 
leakage 


RAS, CAS cycling, 
tRC = Min 


RAS,'CAS=VIH 
TTL 


Dout=High·Z 
interface 


RAS,CA~VCC-O.2V 
CMOS 


Dout= High-Z 
interface 


RA5-onty refresh, 
tRC= Min 


RAS = VIH. CAS = VIL. 
Dout ='enable 


Parameter 
Symbol 
Typ 
Max 
Unit 
Note 


Address. Data input 
CIl 
5 
pF 
"I 


Oocks 
CI2 
7 
pF 
"1 


Output capacitance 
Data output 
Co 
7 
pF 
"1,"2 


Notes) 
*1. 
Capacitance measured with Boonton 
Meter or effective 
capacitance 
measuring method. 
*2. CAS = VIHto disable Dout. 


AC Characteristics (Ta = 0 to +70°C, VCC = SV ±1O%, VSS = OV)*I,*IO 


Test Conditions 
• 
Input rise and fall times: 5ns 


• 
Input timing reference levels: o.av. 2.4V 


• 
Output load: 2TTL Gate + CL (100pF) 
(Including scope and jig) 
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HM511 001 S Series 


Refresh Cycle 


HM511001-8S 
HM511001-10S 
HM511001-12S 
Unit 
Notes 
Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
CAS setup time (CAS-before-RAS refresh) 
tCSR 
10 
10 
10 
ns 
CAS hold time (CAS-before-RAS refresh) 
tCHR 
20 
20 
25 
ns 
RAS precharge to CAS hold time 
tRPC 
10 
10 
10 
ns 


Nibble Mode Cycle 


HM511001-8S 
HM511001-10S 
HM511001-12S 
Unit 
Notes 
Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 


Nibble mode access time 
tNAC 
25 
25 
30 
ns 


Nibble mode cycle time 
tNC 
45 
45 
50 
ns 


Nibble mode CAS precharge time 
tNCP 
10 
10 
10 
ns 


Nibble mode CAS pulse width 
tNCA 
25 
25 
30 
ns 


Nibble mode RAS hold time 
tNRSH 
25 
25 
30 
ns 


Nibble Mode Read-Modify-Write 


HM511001-8S 
HM511001-10S 
HM511001-12S 
Unit 
Notes 
Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 


Nibble mode read-modify-write 
cycle time 
tNRWC 
65 
65 
75 
ns 


Nibble mode write command CAS lead time 
tNCWL 
20 
20 
25 
ns 


Nibble mode CAS to WE delay time 
tNCWD 
20 
20 
25 
ns 


Notes) 
*1. 
AC measurements assume tT = 5ns. 
*2. 
Assumes that tRCD ;::;tRCD (max). 
If tRCD is greater 
than the maximum recommended 
value shown in this 
table, tRAC exceeds the value shown. 
*3. 
Measured with a load circuit equivalent to 2TIL loads 
and 100pF. 


*4. 
Assumes that tRCD ~ tRCD (max). 
*5. 
tOFF (max) is defined as the time at which the output 
achieves 
the 
open 
circuit 
condition 
and is not re- 
ferenced to output voltage levels. 
*6. 
Transition times are measured between VIH and VIL. 
*7. 
Operation 
with 
the 
tRCD 
(max) 
limit insures that 
tRAC (max) can be met, tRCD (max) is specified as a 
reference point only, if tRCD is greater than the speci- 
fied tRCD (max) limit, then access time is controlled 
exclusively by tCA C. 
*8. 
twcs 
and tCWD are not restrictive 
operating 
para- 
meters." They are included in the data sheet as elec- 


trical characteristics 
only: if twcs 
~ twcs 
(min), the 


cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) 
throughout 
the 
entire 
cycle; if tRWD 
~ tRWD (min) and tCWD ~ 
tCWD (min), 
the cycle is a read-write 
and the data 
output 
will contain data read from the selected cell; if 


neither of the above sets of conditions is satisfied, the 
condition 
of the data out (at access time) is indeter- 


minate. 


*9. 
These parameters 
are referenced 
to CAS leading edge 


in early write cycles and to WE leading edge in delayed 
write or read-modify-write 
cycles. 
*10. 
An initial pause of 100"s is required 
after power-up 
followed by eight initialization 
cycles (any combina- 
tion of cycles containing RAS clock such as RAS-only 
refresh). 
If internal refresh counter 
is used, eight or 


more CAS-before-RAS refresh cycles are required. 
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Timing Waveforms 


Read Cycle 


Notes) 
*1. EZ2J: Don't 
care 


*2. tWC$~t.C$(min) 
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NOles) 
*1. rzzJ: Don't care 
* 2. Refresh Address 


AO-A8(AXO-AX8) 


//I////////1//////T/T///////fl 
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V,. 


Address 


V" 


V,. 
WE 


V" 


V,. 


Din 


V" 


VM 


Doul 


Vo< 
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HM511001A 
Series 


The 
Hitachi 
HM511001A 
series is a CMOS dynamic 
RAM 


organized 
1048576-word 
x 
1-bit. 
HM511001A 
has realized 


higher 
density, 
higher 
performance 
and various 
functions 
by 


employing 
1.3p.m 
CMOS 
process technology 
and 
some new 


CMOS circuit design technologies. 


The HM511001A 
offers Nibble 
Mode as a high speed access 


mode. 
Multiplexed 
address input 
permits 
the 
HM511001A 
to 
be 


packaged in standard, 18-pin plastic DIP, 20-pin plastic ZIP and 
20-pin plastic SOJ. 


Features 
• 
High speed; Access time 80/100/120 
ns (max) 


• 
Low power; 11 mW standby, 385/330/275 
mW active 


• 
Single 5V supply (±10%) 
• 
Nibble mode capability 
• 
512 refresh cycle; (8 ms) 


• 
2 variations of refresh; 
tlAS-only 
refresh 
CAS"-before-1iAS"refresh 


Pin Arrangement 
e 
HM511001AP Series 


(DP-18C) 


HM511001 AJP Series 


Pin Description 


Pin Name 


(Bottom View) 
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Om 
Vu 


WE 
Uoul 


RAS 
CAS 


TF-' 
NC 


:-iC 
A9 


WE 
6 


NC 
8 


NC 10 


AI 
12 


A3 
14 


A4 
16 


A6 
18 


llAO 


13 A2 


17 
A5 


19 A7 


AO - A9 
AO - A8 
A9 
Din 
Dout 
IUS 
CAS 
WE 
TF·! 


Address input 
Refresh address input 
Nibble address input 
Data input 
Data output 
Row address strobe 
Row address input 


Read/Write input 
Test function 
Vcc 
Power (+5V) 
VSS 
Ground 


Note: 1. TF pin cen be connected 


with any line or unconnected 
provided the voltage level of 
T F pin must be kept lower 
than VCC + O.5V. 


Ordering Information 


Type No. 
Access Time 


HM511001AP-8 
HM511001AP-10 
HM511001AP-12 


HM511 00 1AlP-8 
HM511001AJP-10 
HM511001AJP-12 


HM511001AZP-8 
HM511001AZP·10 
HM511001AZp·12 


80ns 
lOOns 
120ns 


80ns 
lOOns 
120ns 


80ns 
lOOns 
120ns 


llAS" 
CAS 
VI[" 


~ 


mCOlItrol 
WE Coo"" 
Circuit 
CirClJit 
CirUllI 


.• 
, 
, 
, 
.• 
.. 
.• 
~ ~ ~ 
win 
~ ~ ~ 
;§ 
'" 
'" 
0 0 
;§ - 
0 
0 
256k 
.. 
.. 
256k 
256k 
.. 
.. 
256k 
~ 
.. 
~~ 
.. 
~ 
~ 
Memory 
;;; I 


;;; 
Memory 
~~ 
Memory 
'" 
'" 


Memory 
~ 
0 
0 
0 . 0 
~ Celt 
~ 
~ 
Cell 
ci ~ 
Cell 
~ -g ~ 
Cell 
ci 
~ 
~ 
E 
~ 
~ 
~ 
·. 
~ 
. Array 
c 
ci 
Array ·. 
Array 
c 
Array 
. 
ci ~ 
·. 
ci 
ci 
. 


< 
~ 
E 
< 
< 
~ ~ ~ 
~ 
. 
·. 
.li 
~ 8 ~ 
'" '" 
~8 ~ 


.li 
.li 
Ji 
~ 


14.0-14.9 


Absolute Maximum 
Ratings 


Parameter 
Symbol 
Rating 
Unit 


Voltage on any pin relative to Vss 
VT 
-1.0 to +7.0 
V 
Supply voltage relative to Vss 
Vcc 
-1.0 to +7.0 
V 
Short circuit output current 
lout 
50 
mA 
Power dissipation 
PT 
1.0 
W 
Operating temperature 
Top, 
o to +70 
·c 
Storage temperature 
Tstg 
-55 to +125 
·c 
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Notes) 
*1. Ice depends on output loading condition when the device is selected. Ice max. is specified at the output open 
condition. 
*2. 
Address can be changed less than three times while RAS = VIL. 
*3. 
Address can be changed once or less while CAS = VIR- 


Capacitance 
(Vee = SV ± 10%, Ta = 25°C) 


Parameter 
Symbol 
Typ 
Max 
Unit 
Note 


Input capacitance 
Address, Data input 
Cn 
5 
pF 
*1 
Clocks 
Cn 
7 
pF 
*1 
Output capacitance 
Data output 
Co 
7 
pF 
*1,*2 


Notes) 
*1. 
~citance 
measured with Boonton Meter or effective capacitance measuring method. 
*2. 
CAS = VIH to disable Dou!. 
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HM511001A Series 


AC Characteristics (Ta = 0 to +70°C, Vcc 
= SV ± 10%, VSS = OV)" \, *\0 


Test Conditions 
• Input rise and fall times: 5ns 
• Output load: 
2 TTL Gate + CL (100 pF) 
• Input timing reference Ivels: 0.8V, 2.4V 
(Including scope and jig) 


Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 


Parameter 
Symbol 
HM511001A-8 
HM511001A-10 
HM511001A-12 
Unit 
Note 
Min 
Max 
Min 
Max 
Min 
Max 
Random read or write cycle time 
tRC 
160 
190 
220 
os 


RAS precharge time 
tRP 
70 
80 
90 
ns 
RAS pulse width 
tRAS 
80 
10000 
100 
10000 
120 
10000 
ns 
CAS pulse width 
tCAS 
25 
10000 
25 
10000 
30 
10000 
ns 
Row address setup time 
tASR 
0 
0 
0 
ns 
Row address hold time 
tRAH 
12 
15 
15 
ns 
Column address setup time 
tASC 
0 
0 
0 
ns 
Column address hold time 
tCAH 
20 
20 
25 
ns 
RAS to CAS delay time 
tRCD 
22 
55 
25 
75 
25 
90 
os 
*7 
RAS to column address delay time 
tRAD 
17 
40 
20 
55 
20 
65 
ns 
*11 
RAS hold time 
tRSH 
25 
25 
30 
ns 
CAS hold time 
tCSH 
80 
100 
120 
os 
CAS to RAS precharge time 
tCRP 
10 
10 
10 
ns 
Transition time (rise and fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
*6 


Refresh period 
tREF 
8 
8 
8 
ms 


Read Cycle 


Symbol 
HM511001A-8 
HM511001A-I0 
HM511001A-12 
Parameter 
Unit 
Note 
Min 
Max 
Min 
Max 
Min 
Max 


Access time from RAS 
tRAC 
80 
100 
120 
ns 
*2,*3 
Access time from CAS 
tCAC 
25 
25 
30 
ns 
*3,*4 
Access time from address 
tAA 
40 
45 
55 
ns 
*3,*4 
Read command setup time 
tRCS 
0 
0 
0 
os 
Read command hold time referenced to CAS 
tRCH 
0 
0 
0 
ns 
Read command hold time referenced to RAS 
tRRH 
10 
10 
10 
ns 
Column address to RAS lead time 
tRAL 
40 
45 
55 
ns 
Output buffer turn-off delay 
tOFF 
20 
25 
30 
os 
*5 


Write Cycle 


Parameter 
Symbol 
HM511 00 1A-8 HM511001A-1O HM511001A-12 
Unit 
Note 
Min 
Max 
Min 
Max 
Min 
Max 
Write command setup time 
twcs 
0 
0 
0 
ns 
*8 
Write command hold time 
tWCH 
20 
20 
25 
ns 
Write command pulse width 
twp 
15 
15 
20 
ns 
Write command to RAS lead time 
tRWL 
25 
25 
30 
ns 
Write command to CAS lead time 
tCWL 
25 
25 
30 
ns 
Data-in setup time 
tDS 
0 
0 
0 
ns 
*9 
Data-in hold time 
tDH 
20 
20 
25 
ns 
*9 
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HM511 001 A Series 


Read-Modify-Write 
Cycle 


HM5 11 00 I A-8 
HM51100IA-IO 
HM51100IA-12 
Unit 
Note 
Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 


Read-write 
cycle 
time 
tRWC 
190 
210 
245 
ns 


RAS 
to WE delay 
time 
tRWD 
80 
90 
110 
ns 
*8 


CAS to WE delay 
time 
tCWD 
25 
25 
30 
ns 
*8 


Column 
address 
to WE delay 
time 
tAWD 
40 
45 
55 
ns 
*8 


Refresh Cycle 


HM511 001 A-8 
HM51100IA-IO 
HM51100IA-12 


Unit 
Note 
Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 


CAS setup 
time 
(CAS-before-RAS 
refresh) 
tCSR 
10 
10 
10 
ns 


CAS hold 
time 
(CAS-before-RAS 
refresh) 
tCHR 
20 
20 
25 
ns 


RAS precharge 
to CAS hold 
time 
tRPC 
10 
10 
10 
ns 


Nibble Mode Cycle 


HM51100IA-8 
HM511001A-IO 
HM51100IA-12 
Parameter 
Symbol 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


Nibble 
mode 
access 
time 
tNAC 
25 
25 
30 
ns 


Nibble 
mode 
cycle 
time 
tNC 
45 
45 
50 
ns 


Nibble 
mode 
CAS precharge 
time 
tNCP 
10 
10 
10 
ns 


Nibble 
mode 
CAS pulse 
width 
tNCA 
25 
25 
30 
ns 


Nibble 
mode 
RAS 
hold 
time 
tNRSH 
25 
25 
30 
ns 


HM51100IA-8 
HM51100IA-IO 
HM51100IA-12 
Symbol 
.. Mi-n----------------- 
Unit 


Nibble 
mode 
read-modify-write 
cycle 
time 
tNRWC 
65 


Nibble 
mode 
write 
command 
CAS lead time 
tNCWL 
20 


Nibble 
mode CAS to WE delay 
time 
tNCWD 
20 


Notes) 
* 1. 
AC measurements 
assume 
tT = 5ns. 


*2. 
Assumes 
that 
tRCD 
~ 
tRCD 
(max) 
and 
tRAD 
~ 
tRAD 
(max). 
If tRCD 
or tRAD 
is greater 
than 
the 


maximum 
recommended 
value 
shown 
in 
this 
table, 
tRAC 
exceeds 
the value 
shown. 


*3. 
Measured 
with 
a load circuit 
equivalent 
to 2TTL 
loads 
and 
100pF. 
*4. 
Assumes 
that 
tRCD 
;::;tRCD 
(max) 
and 
tRAD 
~ 
tRAD 
(max). 
*9. 


*5. 
tOFF (max) 
is defined 
as the time 
at which 
the output 


achieves 
the 
open 
circuit 
condition 
and 
is not 
re- 


ferenced 
to output 
voltage 
levels. 
*10. 


*6. 
Transition 
times 
are measured 
between 
VIH and VIL. 


*7. 
Operation 
with 
the 
tRCD 
(max) 
limit 
insures 
that 


tRAC 
(max) 
can 
be met, 
tRCD (max) 
is specified 
as a 


reference 
point 
only, 
if 
tRCD 
is 
greater 
than 
the 


specified 
tRCD 
(max) 
limit, 
then 
access 
time 
is 
controlled 
exclusively 
by tCAD 
*11. 


*8. 
twcs 
and 
tCWD 
are 
not 
restrictive 
operating 
para- 


meters. 
They 
are 
included 
in the 
data 
sheet 
as elec- 


trical 
characteristics 
only: 
if twcs 
;::;twcs 
(min), 
the 


Max 
Min 
Max 
Min 
Max 


65 
75 
ns 


20 
25 
ns 


20 
25 
ns 


cycle 
is an early 
write 
cycle 
and 
the 
data 
out 
pin will 
remain 
open 
circuit 
(high 
impedance) 
throughout 
the 
entire 
cycle; 
if tRWD ;::;tRWD (min), 
tCWD ~ tCWD 


(min) 
and 
tAWD ;::;tA WD (min), 
the 
cycle 
is a read- 
write 
and 
the 
data 
output 
will contain 
data 
read 
from 


the 
selected 
cell; 
if neither 
of 
the 
above 
sets of con- 
ditions 
is satisfied, 
the 
condition 
of 
the 
data 
out 
(at 


access 
time) 
is indeterminate. 
These 
parameters 
are referenced 
to CAS 
leading 
edge 


in early 
write 
cycles 
and to WE leading 
edge in delayed 
write 
or read-modify-write 
cycles. 


An 
initial 
pause 
of 
100l-'s 
is required 
after 
power-up 


followed 
by 
eight 
initialization 
cycles 
(any 
com- 


bination 
of 
cycles 
containing 
RAS 
clock 
such 
as 


RAS-only 
refresh). 
If internal 
refresh 
counter 
is used, 
eight 
or 
more 
CAS-before-RAS 
refresh 
cycles 
are 


required. 
If 
tRAD 
is greater 
than 
the 
specified 
tRAD 
(max) 


limit, 
then 
access 
time 
is controlled 
exclusively 
by 


tAA- 
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• 


Timing Waveforms 
Read Cycle 


Notes: 
1.rz1: Don't care 


2. t.ati:twcs(min) 
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• 


Notes: 
1. ~: 
Don't 
cITe 


2. 
Refresh .ddresii AOMAS(AXO-AXS} 


Add~ •• ///////////I///gzzzzzzzzzzzz; 
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Notes: 
1. ~ 
: Don't cue 


2 
t•.cs~t 
•.cs(min) 


VI. 


Address 


VOL 


V,. 
wr- 


VOL 
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H M571 OOOJP-35R/40/45 


1,048,576·Word 
x 1-Bit (Bi CMOS) Memory 


• 
DESCRIPTION 


The Hitachi HM571000 is a super high speed dynamic 
RAM orga- 
nized 1,048.576-word 
x 
1-bit. HM571000 
has realized 
higher den- 
sity, higher performance 
and various functions 
by employing 
1.31"m 
Bi-CMOS 
technology 
and some new Bi-CMOS 
circuit 
design tech- 
nologies. 
The HM571000 offers 8 bits static column 
mode as a high 
speed access mode . 


• 
FEATURES 


• Single 5V (± 10%) for HM571000JP-40/45 
5V (±5%) 
for HM571000JP-35R 
• High Speed 
Access Time 
35/40/45ns 
(max.) 
• 512 Refresh Cycles 
(4 ms) 
• 2 Variations 
of Refresh 
CE Refresh 
Automatic 
Refresh 
• 2 Bits Static Column 
Mode 


Package 


300 mil 28 pin 
Plastic SOJ 
(CP-28DN) 


HM571000JP-35R 
HM571000JP-40 
HM571000JP-45 


35ns 
40ns 
45ns 


• 
PIN ARRANGEMENT 


HM571000JP-35R/40/45 


Vcc 


A14 


A1S 


A16 
Aa 


A7 


A6 


As 


A4 


A17 


A1a 


A19 


Din 


Dout 


Pin Name 
Function 


Ao-Ag 
Address Input for 
CE Refresh 


A9-A16 
Address Input 


A17-AI9 
Address Input for 


Static Column Mode 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Read/Write 
Enable 


Din 
Data-In 


Dou! 
Data-Out 


RF 
Refresh Control 


Vcc 
Power (+5V) 


Vss 
Ground 
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Parameter 
Symbol 
Value 
Unit 


Voltage on Any Pin Relative to V55 
VT 
-1.0 to +7.0 
V 


Supply Voltage Relative to V55 
VCC 
-1.0 to +7.0 
V 


Short Circuit Output Current 
105 
50 
mA 


Power Dissipation 
PT 
1.0 
W 


Operating 
Temperature 
Topr 
o to +70 
°C 


Storage Temperature 
Tsl• 
-55 to + 125 
°C 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


I HM571000JP-35R 
4.75 
5.25 


Supply Voltage 
I HM571000JP-40/45 
Vcc 
5.0 
V 
1 


4.50 
5.50 


Input High Voltage 
V1H 
2.4 
- 
6.5 
V 
1,3 


Input Low Voltage 
V1L 
-1.0 
- 
0.8 
V 
1,2 


NOTE: 
1. All voltage referenced 
to Vss. 


2. The device will withstand 
undershoots 
to the -2V 
level with a maximum 
pulse width of 20ns at the -1.5V 
level. 


(See Figure 
I.) 


3. The VIH level ofOE 
shall be lower than Vee + 0.5Y. 


-1.0V 


-1.5V 


• 
DC CHARACTERISTICS 
CTa= 0 to +70°C, 
V55 = OV, Vcc = 5V ± 10% for HM571000JP-40/45, 


Vcc = 5V ± 5% for HM571000JP-35R) 


HM571000-35R 
HM571000-40 
HM571000-45 


Parameter 
Symbol 
Test Conditions 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Normal 
Operating 
Current 
IeeA 
See Figure 2 
lOA 
I 


Refresh Current 
leeR 
See Figure 2 
lOA 
I 


Standby Current 
Ices 
- 
5 
- 
5 
- 
5 
lOA 


Input Leakage 
Current 
ILl 
OV < Vin < 7V 
-10 
10 
-10 
10 
-10 
10 
p.A 


Output 
Leakage 
Current 
lLO 
OV < VOU1 < 7V 
-10 
10 
-10 
10 
-10 
IO 
p.A 
Dou1 = Disable 


Output 
High Voltage 
VOH 
High Iou1 = -4mA 
2.4 
Vee 
2.4 
Vee 
2.4 
Vee 
V 


Output 
Low Voltage 
VOL 
Low Iou1 = 8mA 
0 
0.4 
0 
0.4 
0 
0.4 
V 
.. 
NOTES: 
I. Ice depends 
on output loading condItIOn when the deVIce IS selected, 
Ice max. 
IS specIfied 
at the output open 


condition. 
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l 
a: 
J;l100 


~ 
...•. 


"" " 
10 
10 
100 
1000 
Tcycle (05) 


Figure 2. ICCA• ICCR vs. Tc cle 


• 
CAPACITANCE 
(Ta = 25°C, 
Vcc = 5V ± 10% for HM571000JP-40/45, 
Vcc = 5V ± 5% 
for HM571000JP-35R) 


Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Address, 
Data-In 
Cinl 
- 
5 
pF 
I 


Input Capacitance 
Clock (CE, OE) 
Cin2 
- 
5 
pF 
I 


Clock (WE, RF) 
Cin3 
- 
7 
pF 
1 


Output Capacitance 
(Data-Out) 
Co 
- 
10 
pF 
1,2 


NOTES: 
1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 


2. OE, CE = VIH to disable 0001 
• 


• 
AC CHARACTERISTICS 
(Ta = O°C to +70°C, 
Vss = OV, Vcc = 5V ± 10% for HM571000JP-40/45, 


Vcc 
= 5V ± 5% for HM571000JP-35R) 
(I) 


• Test Conditions 


• Input Pulse Levels: VIH = 3.0V, V1L = OV 
• Input Timing Reference 
Levels: High = 2AV, Low = 0.8V (See Figure 3). 


• Output Timing Reference 
Levels: High = 2AV, Low = OAV 


• Transition Time: tT = 3ns 
• Output Load: See Figure 4. 


SOp'- 
(Sp'-'ortHZ 
"HZ' 
'HZ' 
'HZ) 


- Inclkuding scope & jig 


2AV 
a.8V 


Figure 3. Input Pulse 


'Including scope and jig. 
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HM571000- 35R 
HM571000-40 
HM571000-45 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read/Write 
Cycle Time 
tec 
70 
- 
80 
- 
85 
- 
ns 


CE Pulse Width 
teE 
35 
5000 
40 
5000 
45 
5000 
ns 


CE Precharge 
Time 
tep 
29 
- 
34 
- 
34 
- 
ns 


Address Setup Time 
tAS 
0 
- 
0 
- 
0 
- 
ns 


Address Hold Time 
tAH 
5 
- 
5 
- 
5 
- 
ns 


Transition Time (Rise and Fall) 
tT 
I 
10 
I 
10 
I 
10 
ns 


Refresh Period 
tREF 
- 
4 
- 
4 
- 
4 
ms 


HM571000-35R 
HM571000-40 
HM571()()()-45 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Access Time From CE 
tACS 
- 
35 
- 
40 
- 
45 
ns 


Address Access Time 
tAA 
- 
25 
- 
30 
- 
30 
ns 


Access Time From OE 
toAC 
- 
20 
- 
25 
- 
25 
ns 


Setup Time on Read 
tRS 
0 
- 
0 
- 
0 
- 
ns 


Hold Time on Read 
tRH 
5 
- 
5 
- 
5 
- 
ns 


OE Setup Time 
toES 
5 
- 
5 
- 
5 
- 
ns 


OE Enable to Output in Low Z 
tLZ 
0 
- 
0 
- 
0 
- 
ns 


OE Disable to Output in High Z 
tHZ 
- 
15 
- 
20 
- 
20 
ns 


Output Hold Time From Address 
tAOH 
3 
- 
3 
- 
3 
- 
ns 


Output Hold Time From CE 
teOH 
0 
- 
0 
- 
0 
- 
ns 


CE to OE Precharge Time 
teop 
10 
- 
10 
- 
10 
- 
ns 


HM571000-35R 
HM571000-40 
HM571000-45 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Data Setup Time 
tow 
20 
- 
25 
- 
30 
- 
ns 


Data Hold Time 
toH 
5 
- 
5 
- 
5 
- 
ns 


Setup Time on Early Write 
tES 
5 
- 
5 
- 
5 
- 
ns 


WE Pulse Width 
twP 
25 
- 
30 
- 
35 
- 
ns 


Write Hold Time From CE 
tWH 
35 
- 
40 
- 
45 
- 
ns 


WE Enable to Output in High Z 
twz 
- 
15 
- 
20 
- 
20 
ns 


HM571000-35R 
HM571000-40 
HM571000-45 
Parameter 
Symbol 
I Max. 
Min. 
I Max. 
I Max. 
Unit 
Note 


Min. 
Min. 


WE Delay Time From CE 
tewo 
35 
I 
- 
40 
I - 
45 
I - 
ns 


@HITACHI 


788 
Hitachi America, Ltd.• Hitachi Plaza· 2000 Sierra Point Pkwy.• Brisbane,CA 94005-1819 • (415) 589-8300 


HM571000-35R 
HM574100-40 
HM574100-45 
Unit 
Parameter 
Symbol 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


RF Setup Time 
tFS 
5 
- 
5 
- 
5 
- 
ns 


RF Hold Time 
tFH 
15 
- 
15 
- 
15 
- 
ns 


Mode Selection Setup Time 
tMS 
0 
- 
0 
- 
0 
- 
ns 


Mode Selection Hold Time 
tMH 
15 
- 
20 
- 
20 
- 
ns 


Setup Time on CE Refresh 
teRS 
15 
- 
20 
- 
20 
- 
ns 


HM571000-35R 
HM571000-40 
HM571000-45 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Static Column Address Setup Time 
tASZ 
20 
- 
25 
- 
25 
- 
ns 


Address Setup Time to WE 
tws 
0 
- 
0 
- 
0 
- 
ns 


Address Hold Time From WE 
tWR 
0 
- 
0 
- 
0 
- 
ns 


I. If tOES> 
tOES (min.) 
and OE is held low level, 00"1 will be valid until the next negative 
transition 
of CEo 


2. Both tWH and twP must be satisfied 
for a delayed 
write cycle. 


3. If tcop < teop (min.), 
the condition 
of Dou• cannot be guaranteed 
to be in high impedance. 


4. If the negative 
transition 
of OE occurs before that of CE, tLz is controlled 
by CEo 


5. twP and tow are specified 
by the positive 
transition 
of CE or WE which occurs earlier. 


6. When WE goes low, Doul becomes 
in high impedance 
and is held in this condition 
to the next cycle. 
If the negative 


transition 
of WE occurs before that of CE, Dou! is controlled 
by CEo twz defines the time at which the output 


achieves the open circuit 
condition. 


7. If tES > tES (min.), 
the cycle is early write and Doul is in high impedance. 


8. In static column 
mode cycles, 
read operation 
cannot 
be performed 
after write operation. 


9. Both tAH and tWR must be satisfied 
for a write cycle. 


10. tHZ, defines 
the time at which the output achieves 
the open circuit 
condition. 


1J. An initial pause of 100 p.s is required 
after power-up, 
then execute at least eight CE refresh 
cycles. 
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AO- 
A16 


A17- 
A19 


tACS 


tOAC 
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HM574256JP-35R/40/45 
- Preliminary 


262,144-Word 
x 4-Bit (Bi CMOS) 


• 
DESCRIPTION 


The Hitachi HM574256 is a super high speed dynamic 
RAM orga- 


nized 262,144-word 
x 4-bit. HM574256 
has realized higher density, 
higher 
performance 
and various 
functions 
by employing 
1.3/Lm 
Bi- 


CMOS technology 
and some new Bi-CMoS 
circuit design technolo- 
gies. The HM574256 offers 2 bit static column mode as a high speed 
access mode. 


• 
FEATURES 


• Single 5V (± 10%) for HM574256JP-40/45 


5V (±5%) 
for HM574256JP-35R 


• High Speed 
Access Time 
35/40/45ns(max.) 
• 512 Refresh Cycles 
(4 ms) 
• 2 Variations 
of Refresh 


CE Refresh 
Automatic 
Refresh 


• 2 Bits Static Column 
Mode 


Part No. 


HM574256JP-35R 
HM574256JP-40 
HM574256JP-45 


Package 


300 mil 28 pin 


Plastic SoJ 
(CP-28DN) 


Access 


35ns 
40ns 
45ns 


• 
PIN ARRANGEMENT 


HM574256JP-35R/40/45 


Pin Name 
Function 


~-A8 
Address 
Input for 
CE Refresh 


~-AI6 
Address 
Input 


An 
Address 
Input for 
Static Column 
Mode 


CE 
Chip Enable 


OE 
Output 
Enable 


WE 
Read/Write 
Enable 


1/°1-11°4 
Data-In/Data-Out 


RF 
Refresh 
Control 


Vcc 
Power 
(+5V) 


Vss 
Ground 
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HM574256JP-35R/40/45 
-------------------------- 


• 
ABSOLUTE 
MAXIMUM 
RATINGS 


Parameter 
Symbol 
Value 
Unit 


Voltage on Any Pin Relative to Vss 
VT 
-1.0 to +7.0 
V 


Supply Voltage Relative to VSS 
VCC 
-1.0 to +7.0 
V 


Short Circuit Output Current 
Ios 
50 
mA 


Power Dissipation 
PT 
1.0 
W 


Operating 
Temperature 
Toor 
o to +70 
°C 


Storage Temperature 
TSt2 
-55 to +125 
°C 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 
I HM574256JP-35R 
4.75 
5.25 


Supply Voltage 
I HM574256JP-40/45 
Vcc 
5.0 
V 
I 
4.50 
5.50 


Input High Voltage 
VIH 
2.4 
- 
6.5 
V 
1,3 


Input Low Voltage 
V1L 
-1.0 
- 
0.8 
V 
1,2 


NOTE: 
I. All voltage referenced 
to V55. 


2. The device will withstand 
undershoots 
to the -2V 
level with a maximum 
pulse width of20ns 
at the -1.5V 
level. 


(See Figure 
I.) 


3. The VIH level of OE shall be lower than Vee + 0.5Y. 


-1.0V 


-1.5V 


• 
DC CHARACTERISTICS 
(Ta = 0 to +70°C, 
Vss = OV, Vcc = 5V ± 10% for HM574256JP-40/45, 


Vcc = 5V ± 5% for HM574256JP-35R) 


HM574256-35R 
HM574256-40 
HM574256-45 
Parameter 
Symbol 
Test Conditions 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Normal 
Operating 
Current 
leeA 
- 
TBD 
- 
TBD 
- 
TBD 
mA 
I 


Refresh 
Current 
leeR 
- 
TBD 
- 
TBD 
- 
TBD 
mA 
I 


Standby Current 
Ices 
- 
5 
- 
5 
- 
5 
mA 


Input Leakage 
Current 
III 
OV :S V;n :S 7V 
-10 
10 
-10 
10 
-10 
10 
p.A 


Output 
Leakage 
Current 
lLO 
OV :S VOU1:S 7V 
-10 
10 
-10 
10 
-10 
10 
p.A 
Dou1 = Disable 


Output 
High Voltage 
VOH 
High loul = -4mA 
2.4 
Vee 
2.4 
Vee 
2.4 
Vee 
V 


Output 
Low Voltage 
VOL 
Low loul = 8mA 
0 
0.4 
0 
0.4 
0 
0.4 
V 


NOTES: 
I. Ice depends 
on output 
loading condition 
when the device is selected, 
Ice max. is specified 
at the output open 
condition. 
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• 
CAPACITANCE 
(Ta = 25°C, 
Vee = 5V ± 10%) for HM574256JP-40/45, 
Vee = 5V ± 5% 
for HM574256JP-35R) 


Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Address, 
Data-In 
Cinl 
- 
5 
pF 
1 


Input Capacitance 
Clock (CE, OE) 
Cin2 
- 
5 
pF 
1 


Clock (WE, RF) 
Cin3 
- 
7 
pF 
1 


Output Capacitance 
(Data-In/Data-Out) 
CliO 
- 
10 
pF 
1,2 


NOTES: 
I. Capacitance 
measured 
with Boonton 
Meter or effective 
capacitance 
measuring 
method. 


2. OE, CE = VIH to disable 
DO"I . 


• 
AC CHARACTERISTICS 
(T. = O°C to +70°C, 
Vss = OV, Vee = 5V ± 10% for HM574256JP-40/45, 


Vee = 5V ± 5% for HM574256JP-35R) 
(I) 


• Test Conditions 


• Input Pulse Levels: VIH = 3.0V, V1L = OV 
• Input Timing Reference 
Levels: High = 2AV, Low = 0.8V (See Figure 2). 
• Output Timing Reference 
Levels: High = 2AV, Low = OAV 


• Transition Time: tT = 3ns 
• Output Load: See Figure 3. 


SOpf" 
(Spf" fort HZ ,'HZ' 
'HZ' 
'HZ) 


" Inclkuding scope & jig 


2AV 
0.8V 


Figure 2. Input Pulse 


*Including 
scope and jig. 


HM574256-35R 
HM574256-40 
HM574256-45 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read/Write 
Cycle Time 
tee 
70 
- 
80 
- 
85 
- 
ns 


CE Pulse Width 
teE 
35 
5000 
40 
5000 
45 
5000 
ns 


CE Precharge 
Time 
tep 
29 
- 
34 
- 
34 
- 
ns 


Address Setup Time 
tAs 
0 
- 
0 
- 
0 
- 
ns 


Address l;:IoldTime 
tAH 
5 
- 
5 
- 
5 
- 
ns 


Transitio~ Time (Rise and Fall) 
tT 
1 
10 
1 
10 
1 
- 
ns 


Refresh Period 
tREF 
- 
4 
- 
4 
- 
4 
ms 
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HM574256-35R 
HM574256-40 
HM574256-45 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Access Time From CE 
tACS 
- 
35 
- 
40 
- 
45 
ns 


Address Access Time 
tAA 
- 
25 
- 
30 
- 
30 
ns 


Access Time From OE 
lQA.c 
- 
20 
- 
25 
- 
25 
ns 


Setup Time on Read 
tRS 
0 
- 
0 
- 
0 
- 
ns 


Hold Time on Read 
tRH 
5 
- 
5 
- 
5 
- 
ns 


OE Setup Time 
toES 
5 
- 
5 
- 
5 
- 
ns 


OE Enable to Output in Low Z 
tLZ 
0 
- 
0 
- 
0 
- 
ns 


OE Disable to Output in High Z 
tHZ 
- 
15 
- 
20 
- 
20 
ns 


Output Hold Time From Address 
tAOH 
3 
- 
3 
- 
3 
- 
ns 


Output Hold Time From CE 
leOH 
0 
- 
0 
- 
0 
- 
ns 


CE to OE Precharge Time 
leop 
10 
- 
10 
- 
10 
- 
ns 


HM574256-35R 
HM574256-40 
HM574256-45 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Data Setup Time 
tow 
20 
- 
25 
- 
30 
- 
ns 


Data Hold Time 
tOH 
5 
- 
5 
- 
5 
- 
ns 


Setup Tune on Early Write 
tES 
5 
- 
5 
- 
5 
- 
ns 


WE Pulse Width 
twP 
25 
- 
30 
- 
35 
- 
ns 


Write Hold Time From CE 
tWH 
35 
- 
40 
- 
45 
- 
ns 


WE Enable to Output in High Z 
twz 
- 
15 
- 
20 
- 
20 
ns 


OE to Din Delay Time 
tooo 
15 
- 
20 
- 
20 
- 
ns 


OE Hold Time From WE 
toEH 
15 
- 
20 
- 
20 
- 
ns 


CE Setup Time From Din 
tozc 
0 
- 
0 
- 
0 
- 
ns 


HM574256-35R 
HM574256-40 
HM574256-45 
Parameter 
Symbol 
I Max. 
I Max. 
I Max. 


Unit 
Note 
Min. 
Min. 
Min. 


WE Delay Time From CE 
lewo 
35 
I 
- 
40 
I - 
45 
I - 
ns 


HM574256-35R 
HM574256-40 
HM574256-45 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


RF Setup Time 
tFS 
5 
- 
5 
- 
5 
- 
ns 


RFHoid 
Time 
tFH 
15 
- 
15 
- 
15 
- 
ns 


Mode Selection Setup Time 
tMS 
0 
- 
0 
- 
0 
- 
ns 


Mode Selection Hold Time 
tMH 
15 
- 
20 
- 
20 
- 
ns 


Setup Time on CE Refresh 
leRS 
15 
- 
20 
- 
20 
- 
ns 
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HM574256-35R 
HM574256-40 
HM574256-45 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Static 
Column 
Address 
Setup 
Time 
tASZ 
20 
- 
25 
- 
25 
- 
ns 


Address 
Setup 
Time 
to WE 
tws 
0 
- 
0 
- 
0 
- 
ns 


Address 
Hold 
Time 
From 
WE 
tWR 
0 
- 
0 
- 
0 
- 
ns 


NOTES: 
1. If toES> 
toES (min.) 
and OE is held low level, Dou! will be valid until the next negative 
transition 
of CEo 


2. Both tWH and twP must be satisfied 
for a delayed write cycle. 


3. If tcop < tcop (min.), 
the condition 
of Dout cannot 
be guaranteed 
to be in high impedance. 


4. If the negative 
transition 
of OE occurs before that of CE, tLZ is controlled 
by CEo 


5. twP and tDw are specified 
by the positive transition 
of CE or WE which occurs earlier. 


6. When WE goes low, Dou! becomes 
in high impedance 
and is held in this condition 
to the next cycle. 
If the negative 
transition 
of WE occurs before that of CE, DOU!is controlled 
by CE. twz defines 
the time at which the output 
achieves the open circuit 
condition. 


7. IftES 
> tES (min.), 
the cycle is early write and DOlll is in high 
impedance. 


8. In static 
column 
mode 
cycles, 
read 
operation 
cannot 
be performed 
after 
write 
operation. 


9. Both 
tAH and tWR must be satisfied 
for a write cycle. 


10. tHZ, defines 
the time at which the output achieves 
the open circuit condition. 


I I. An initial pause of 100 p.s is required 
after power-up, 
then execute 
at least eight CE refresh 
cycles. 


12. During 
I/O pins are in the output state, Data-in 
shall nol be applied 
to I/O pins. So, in all write cycles (early write, 


delayed write and read-modify-write), 
OE must go to high level to disable 
the output buffer prior to applying 
data to 
the device . 


• 
TIMING 
WAVEFORMS 


• Read/Read 
Cycle 
tcc 


CE 


tCE 
tCE 


RF 


AO- 
A16 
tAS 


A17 


WE 
tACS 
tACS 


tOAC 
tOAC 


tOES" 


OE 
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HM574256JP-35R/40/45 


• Read/Early 
Write Cycle 


Icc 
Icc 


CE 
ICE 
ICE 


Icp 


RF 


AO- 
A16 


A17 


WE 
lACS 
IRH 


10AC 
IWH 


DE 
lOES·1 


lOEH 
low·s 


low·s 
1000·12 
lozc 
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AO- 
A16 


tACS 


tOAC 


tDW'S 


tDW'S 
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tcc 


CE 
tCE 


RF 


AO- 


A16 


A17 


WE 


OE 


Dout 
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AO- 
A16 


• 
~ 
: Don't care 
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AO- 


A16 
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RF 


AO- 
A16 


A17 


WE 
lACS 


IOAC 


OE 
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AO- 
A16 


A17 


WE 


OE 
VIL 


• Din: 
Don't care 


•• ~ 
: Don't care 
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tWH'2 


twp 
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HM51 1002S 
Series 


HM51 1002A 
Series 


The Hitachi HM511002S/A 
Series is a CMOS dynamic RAM 


organized 
1048576·word 
xl-bit. 
HM511002S/A 
has realized 


higher 
density, 
higher 
performance 
and various 
functions 
by 


employing 
1.3 p.m CMOS process 
technology 
and 
some 
new 


CMOS circuit 
design technologies. 
The HM511002S/A 
offers 
Static Column Mode as a high speed access mode. 


Multiplexed 
address 
input permits the HM511002S/A 
to be 


packaged in standard 
18-pin plastic DIP, 20-pin plastic SOJ and 


20-pin plastic ZIP. 


Features 
• 
High speed; Access time 80/100/120 
ns (max) 
• 
Low power; 11mW Standby, 385/330/275mW 
Active 
• 
Single 5V supply (±10%) 
• 
Static column mode capability 


• 
512 refresh cycles; (8 ms) 
• 
2 variations of refresh; 
RAS only refresh 
CS-before- R"AS" refresh 


Pin Arrangement 


• HM511 002SP 
Series 


HM511002AP 
Series 


Om 
V!l.~ 


WE 
Doul 


RAS 
Cs 


TF" 
NC 


NC 
A9 


• HM511002SZP 
Series 
HM511002AZP 
Series 


CS2 


17 AS 


19 A7 


V,.. 
4 


WE 
6 


NC 
8 


NC 10 


S Din 


7 RAS 


A3 
14 


A4 
16 


A6 18 


A8 20 


(DP-18C) 


HM511002SJP 
Series 


HM511002AJP 
Series 


(CP-20D) 


HM511002SZP 
Series 


HM5 11 002 AZP Series 


Pin Description 


Pin Name 


AO - 
A9 


AO - 
A8 


Din 


Dout 


RAS 


CS 


WE 


VCC 
VSS 


TFol 


Address 
input 


Refresh 
address 
input 


Data 
input 


Data 
output 


Row address 
strobe 


Chip 
select 


Write 
enable 


Power 
(+5V) 


Ground 


Test 
function 


Note) 
"1. 
TF pin can be connected 
with 


any line or unconnected pro· 
vide<! the voltage 
level of TF pin 


must be kept lower than 
VCC + 


O.5V. 
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Block Diagram 


HM511002S 
Series 


. 
. 
. 
to 
, 
, 
. 
CD 
CD 
, 
, 
> 
CD 
CD 
~ 
128< 
0 
128< 
1281< ~ 
128< 
1m 
0 
128< 
128< 
0 
1m 
~ 
~ 
"- 
••• 
Memory .. 
Memory 
Memory 
•• 
Memory 
Memory .. 
Memory 
Memory - 
Memory 
to 


Cell 
ci 
Ii 
.. 
"8 
Cell 
Cell 
Cell 
Cell 
Ii 
Cell 
Cell 
Ii 
Cell 
E 
E 
E 
'" 
Array 
« 
Array 
Array 
« 
Array 
Array 
« 
Array 
Array 
E 
Array 
0 
« 
~ 
= 
= 
= 
~ 
c 
~ 
Jl 
~ 
~ 
" 
Ul 
8 
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llAS 


~ 
~ 


256k 


Memory 


Cell 


Array 


256k 


Memory 


Cell 


Array 


256k 


Memory 


Cell 


Array 


. . 
, 
, 
III 
III 


~ 
.~ 
.f? 


.:; - 
.. .. .. 
en 
en 
o. 
4) 
0 
~1 ~ 
Cl 
ci 
ci 
E 
C 
E 


-< 
§ < 


= 8 ~ 
~ 
J: 


256k 


Memory 


Cell 


Absolute 
Maximum 
Ratings 


Parameter 
Symbol 
Rating 
Unit 


Voltage on any pin relative to VSS 
VT 
-1.0 to +7.0 
V 


Supply voltage relative to VSS 
VCC 
-1.0 to +7.0 
V 


Short circuit output current 
lout 
50 
mA 


Power dissipation 
PT 
1.0 
W 


Operating temperature 
Topr 
o to +70 
·c 


Storage temperature 
Tstg 
-55 to +125 
·c 
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Recommended 
DC Operating Conditions (Ta = 0 to +70°C) 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input high voltage 
VIH 
2.4 
6.5 
V 


Input low voltage 
VIL 
-2.0 
0.8 
V 
Note) 
All voltages referenced to V55. 


DC Characteristics 
(VCC = 5V ±10%, 
VSS = OV, Ta = 0 to +70°C) 


HM511002-8S 
HM511002-10S 
HM511002-12S 


Parameter 
Symbol 
HM511002A-8 
HM511002A-I0 
HM511002A-12 
Unit 
Test condition 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


Operating 
ICCl 
70 
60 
50 
mA 
RAS, CS cycling, 
*1,*2 
current 
IRC= Min 


2 
2 
2 
RAS, CS = V/H 
TTL 
Standby 
ICC2 
mA 
Dout = High-Z 
interface 
current 


RAS, CS~VCc-O.2V 
CMOS 
Dout = High-Z 
interface 
Refresh 
ICC3 
60 
50 
45 
mA 
RAS-only refresh, 
*2 
current 
IRC = Min 


Standby 
ICC5 
5 
5 
mA 
RAS = V/H, CS = VIL, 
*1 
current 
Dout = enable 


Refresh 


ICC6 
60 
50 
40 
mA 
CS-before-RAS refresh, 
current 
IRC= Min. 


Static 
• 


column 
ICC9 
60 
50 
40 
mA 
ISC= Min 
*3 
mode current 


Input 
ILl 
-10 
10 
-10 
10 
-10 
10 
"A 
VIN= 0 to +7V 
leakage 


Output 
!Lo 
-10 
10 
-10 
10 
-10 
10 
J.1A 
VOUT = 0 to +7V, 


leakage 
Dout = disable 


Output 
VOH 
2.4 
VCC 
2.4 
VCC 
2.4 
VCC 
V 
lout = -5mA 


levels 
VOL 
0 
0.4 
0 
0.4 
0 
0.4 
V 
lout = 4.2mA 


Note) 
*1. 
ICC depends on output loading condition when the device is selected. ICC max is specified at the output open 
condition. 


*2. 
Address can be changed less than three tim~ while RAS = VIL. 


*3. 
Address can be changed once or less while CS = VIH. 


Parameter 
Symbol 
Typ 
Max 
Unit 
Note 
Address, Data input 
CII 
5 
pF 
*1 


Oocks 
CI2 
7 
pF 
*1 


Output capacitance 
Data output 
Co 
7 
pF 
*1,*2 


Notes) -I. 
Capacitance 
measured with Boonton 
Meter or effective capacitance 
measuring method. 


*2. CS = VIH to disable Dout. 


AC Characteristics (Ta = 0 to +70°C, 
VCC = 5V ±1O%, VSS = 0V)*I,*17 


Test Conditions 
• 
Input rise and fall times: 5ns 
• 
Input timing reference levels: O.8V, 2.4V 
• 
Output 
load: 2 TTL Gate + CL (100pF) 
(Including scope and jig) 
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HM511002S!A 
Series 


Read, Write, Read-Modify-Write 
and Refresh Cycles (Common Parameters) 
HM511002-8S 
HM511002-10S 
HM511002-12S 
Parameter 
Symbol 
HM511002A-8 
HM511002A-IO HM511002A-12 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
Random read or write cycle time 
tRC 
160 
190 
220 
ns 


RAS precharge time 
tRP 
70 
80 
90 
ns 


RAS pulse width 
tRAS 
80 
10000 
100 
10000 
120 
10000 
ns 
cs- pulse width 
tsp 
25 
10000 
30 
10000 
30 
10000 
ns 


Row address setup time 
tASR 
0 
0 
0 
ns 


Row address hold time 
tRAH 
12 
15 
15 
ns 
Column address setup time 
tASW 
0 
0 
0 
ns 


Column address hold time 
tAHW 
20 
25 
25 
ns 
RAS to cs- delay time 
tRCD 
22 
55 
25 
70 
25 
90 
ns 
os 


RAS" to column address delay time 
tRAD 
17 
40 
20 
50 
20 
65 
ns 
°9 
RAS" hold time 
tRSL 
25 
30 
30 
ns 
cs- hold time 
tCSH 
SO 
100 
120 
ns 
cs- to IG\S precharge time 
tSRS 
10 
10 
10 
ns 
Transition time (rise and fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
°7 
Refresh period 
tREF 
S 
8 
S 
ms 


Read Cycle 


HM511002-SS 
HM511002-10S 
HM511002-12S 
Parameter 
Symbol 
HM511002A-S 
HM511002A-I0 
HM511002A-12 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
Access time from RAS 
tRAC 
SO 
100 
120 
ns 
°2,°3 
Access time from CS 
tACS 
25 
30 
30 
ns 
°3,°4 
Access time from address 
tAA 
40 
50 
55 
ns 
°3,°5,°14 
Read command setup time 
tRCS 
0 
0 
0 
ns 
Read command hold time to CS 
tRCH 
0 
0 
0 
ns 
Read command hold time to RAS 
tRRH 
10 
10 
10 
ns 
Column address to RAS lead time 
tRAL 
40 
50 
55 
ns 
RAS to column address hold time 
tAHR 
15 
15 
15 
ns 
°16 
Output hold time from address 
tAOH 
5 
5 
5 
ns 
Output buffer turn-off time 
tOFF 
20 
25 
30 
ns 
°6 
Column address hold time to RAS on read 
tAR 
SO 
100 
120 
ns 
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HM511002S/A Series 


Write Cycle 
HM511 002-8 S 
HM511002-10S 
HM511002-12S 
Parameter 
Symbol 
HM511002A-8 
HM511002A-l0 
HM511002A-12 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


Write command setup time 
twcs 
0 
0 
0 
ns 
·10 


Write command hold time 
tWCH 
20 
25 
25 
ns 


Write command hold time to RAS 
tWCR 
75 
95 
115 
ns 


Write command pulse width 
twp 
15 
15 
20 
ns 


Write command to RAS lead time 
tRWL 
25 
25 
30 
ns 


Write command to CS lead time 
tCWL 
25 
25 
30 
ns 


Data-in setup time 
tDS 
0 
0 
0 
ns 
·11 


Data-in hold time 
tDH 
20 
25 
25 
ns 
·11 


Data-in hold time to RAS 
tDHR 
75 
95 
115 
ns 


Column address hold time or RAS on write 
tAWR 
75 
95 
115 
ns 


Read-Modify-Write Cycle 


HM511002-8S 
HM511002-1 OS HM511 002-12S 
Parameter 
Symbol 
HM511002A-8 
HM511002A-l 0 HM51100A-12 
Unit 
Note 
Min 
Max 
Min 
Max 
Min 
Max 
Read-write cycle time 
tRWC 
190 
220 
255 
ns 


RAS to WE delay time 
tRWD 
80 
100 
120 
ns 
·10 


CS to WE delay time 
tCWD 
25 
30 
30 
ns 
·10 
Column address to WE delay time 
tAWD 
40 
50 
55 
ns 
·10 
Output hold time from WE 
tWOH 
0 
0 
0 
ns 


Refresh Cycle 


HM511002-8S 
HM51102-10S 
HM511002-12S 
Parameter 
Symbol 
HM511002 A-8 HM511002A-l0 
HM511002A-12 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
CS setup time (CS-before-RAS refresh) 
tCSR 
10 
10 
10 
ns 


CS hold time (CS-before-RAS refresh) 
tCHR 
20 
20 
25 
ns 


RAS precharge to CS hold time 
tZRH 
10 
10 
10 
ns 


SC Mode Cycle 


HM511002-8S 
HM51 1002-1OS HM511002-12S 
Parameter 
Symbol 
HM511002A-8 
HM511002A-1O HM511 002A-12 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


SC mode cycle time 
tsc 
45 
55 
60 
ns 


SC mode RAS pulse width 
tRASC 
100000 
100000 
100000 
ns 


RAS to second WE delay time 
tRSWD 
90 
110 
135 
ns 


SC mode CS precharge time 
tSI 
10 
10 
15 
ns 
Write invalid time 
tWI 
10 
10 
15 
ns 
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HM511002S/A 
Series 


SC Mode Read-Modify-Write 
and Mixed Cycle 


HM511002-8S 
HM511002-IOS HM511002-12S 


Parameter 
Symbol 
HM511002A-8 HM511002A-IO HM511002A-12 
Unit 
Note 


Min 
Max 
Min 
Max 
Min 
Max 
SC mode cycle time on read-write 
tSRW 
90 
105 
120 
ns 
°12 
Access time from previous WE 
tALW 
85 
100 
115 
ns 
°3,°13 
Previous WE to column address delay time 
tLWAD 
25 
45 
25 
50 
30 
60 
ns 
°15 
Column address hold time to previous WE 
tAHLW 
85 
100 
115 
ns 
Output enable time from WE 
tow 
30 
30 
35 
ns 


Notes) 
1. 
AC measurements assume tT = 5ns. 
2. 
Assumes that tRCD ~ tRCD (max) and tRAD ~ tRAD (max). If tRCD or tRAD is greater than the maximum 
recommended value shown in this table, tRAC exceeds the value shown. 
3. 
Measured with a load circuit equivalent to 2TTL loads and 100pF. 


4. 
Assumes that tRCD ~ tRCD (max), tRAD ~ tRAD (max). 


5. 
Assumes that tRCD ~ tRCD (max) and tRAD ~ tRAD (max). 
6. 
tOFF (max) is defined as the time at which the output achieves the open circuit condition and is not re- 
ferenced to output voltage levels. 
7. 
Transition times are measured between VIH and VIL. 
8. 
Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as are· 
ference point only, if tRCD is greater than the specified tRCD (max) limit, then access time is controlled ex- 
clusively by tACS. 


9. 
Operation with the tRAD 
(max) limit insures that tRAC (max) can be met, tRAD 
(max) is specified as a 
reference point only, if tRAD 
is greater than the specified tRAD (max) limit, then access time is controlled 
exclusively by tAA. 
10. 
tWCS. tRWD, tCWD and tAWD are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only: if twcs 
~ twcs 
(min), the cycle is an early write cycle and the data out pin will 


remain open circuit (high impedance) throughout the entire cycle; if tRWD ~ tRWD (min), tCWD ~ tCWD 
(min) and tAWD ~ tAWD (min), the cycle is a read-write and the data output will contain data read from the 
selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 
11. 
These parameters are referenced to CS leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 
12. 
tSRW (min) = tAWD (min) + tLWAD (max) + tT. 


13. 
Assumes that tLWAD;::; tLWAD (max). If tLWAD is greater than the maximum recommended value shown in 
this table, tALW exceeds the value shown. 
14. 
Assumes that tLWAD ~ tLWAD (max). 


15. 
Operation with the tLWAD (max) limit insures that tALW (max) can be met, tLWAD (max) is specified as a 
reference point only; if tLWAD is greater than the specified tLWAD (max) limit, then access time is controlled 
exclusively by tAA. 
16. 
tAHR is defined as the time at which the column address hold. 
17. 
An initial pause of 1001'S is required after power-up followed by eight or more initialization cycles (any 
combination of cycles containing RAS clock such as RAS-only refresh). 
If internal refresh counter is used, 
eight or more CS·before-RAS refresh cycles are required. 
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Timing Waveforms 


• 
Read Cycle 


• 
HITACHI 
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Notes) 
• 1.1ZllZ21 : 000'( Care 


.2. 
Refresh 
address 
AO·AS(AXO·AXS) 
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HB56A 18A/ AT/B-6H/7H/8A/10A/12A 


1,048,576-Word 
x 8-Bit High Density Dynamic RAM Module 


• 
DESCRIPTION 


The HB56A 18 is a 1M x 8 dynamic 
RAM module, mounted 
eight 


1-Mbit DRAM (HM511000JP) 
sealed in SOJ package. 
An outline of 


the HB56A18 
is 30-pin 
single 
in-line 
package 
having 
Lead types 


(HB56A 18A, HB56A 18AT), socket type (HB56A 18B). Therefore, 
the 
HB56A18 
makes 
high density 
mounting 
possible 
without 
surface 


mount technology. 
The HB56A 18 provides common 
data inputs and 


outputs. 
Its module 
board 
has decoupling 
capacitors 
beneath 
the 


each SOJ. 


• 
FEATURES 


• 30-Pin Single 
In-Line Package 


Lead Pitch 
2.54mm 


• Single 5V (± 10%) Supply 
• High Speed 


Access Time 
60/70/80/100/120ns 
(max.) 


• Low Power Dissipation 


Active Mode 
3.96/3.52/3.08/2.64/2.20W 
(max.) 


Standby 
Mode 
88mW (max.) 
• Fast Page Mode Capability 
• 512 Refresh Cycle 
..................•............... 
8ms 


• 2 Variations 
of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 


• TIL 
Compatible 


Access 


Package 


Time 
3D-Pin SIP 
3D-Pin SIP Low 
3D-Pin SIMM 
Lead Type 
Profile Lead Type 
Socket Type 


60ns 
HB56A 18A-6H 
HB56AI8AT-6H 
HB56A 18B-6H 


70ns 
HB56AI8A-7H 
HB56A18AT-7H 
HB56A 18B-7H 


80ns 
HB56AI8A-8A 
HB56AI8AT-8A 
HB56A 18B-8A 


lOOns 
HB56AI8A-IOA 
HB56A18AT-IOA 
HB56A 18B-IOA 


120ns 
HB56A 18A-12A 
HB56AI8AT-12A 
HB56A 18B-12A 


I 00----------------------------00 
I 
/ 
/- 


Pin No. 
Pin Name 
Pin No. 
Pin Name 


I 
Vcc 
16 
DQ4 


2 
CAS 
17 
As 


3 
DQo 
18 
A9 


4 
Ao 
19 
NC 


5 
Al 
20 
DQs 


6 
DQ, 
21 
WE 


7 
A2 
22 
Vss 


8 
A) 
23 
DQ6 


9 
Vss 
24 
NC 


10 
DQ2 
25 
DQ7 


11 
A4 
26 
NC 


12 
As 
27 
RAS 


13 
DQ) 
28 
NC 


14 
A6 
29 
NC 


15 
A7 
30 
Vcc 


Pin Name 
Function 


Au - 
A9 
Address 
Input 


Au - 
As 
Refresh 
Address 
Input 


RAS 
Row Address 
Strobe 


CAS 
Column 
Address 
Strobe 


WE 
Read/Write 
Enable 


DQo 
- 
DQ7 
Data-In/Data-Out 


Vcc 
Power 
Supply (+ 5V) 


Vss 
Ground 


NC 
Non-Connection 
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HB56A18A 
------------------------------ 


• 
BLOCK 
DIAGRAM 


M1 
AO-A8 
Din 


RAS 
Dout 


CAS 


WE 


M4 
Din 


Dout 


Din 


Dout 


Din 


RAS 
27 


CAS 
(2) 


WE (21) 


M8 
Din 


Dout 


Din 


Dout 


Din 


MS 
Ao-A8 
Din 


RAS 
Dout 


CAS 


WE 


Vcc 
(1) 


~M1-8VCC 
VCC~ 
-.L" ~~~__.. 


~ 


C=O.22~FX8 
Vss 
22 
M1 - 8 Vss 
Vss 


(13) D03 


(10) D02 


(6) D01 


(3) 
DOO 


(25) D07 


(23) D06 


(20) DOS 


(16) D04 
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. 
c 


.S 'E 
E 
C) 
'<t 
C) 
Ll"l 
~ 
NS 


90.14 (3.549) 
I 
'I 
6~~~~~~~~~ 
3,1 


8.24 
2.54.1 
,. 
O~ 
7.62 


0.324 
(0.100) 
<0.0197) 
(0.300) 


~ I -' (O.208max.)! 
225(00098: 


8.89max. 


(0.35~ 


R8 L 
. '" 
'" 
. 
~ 
0 


0.25(0.0098) 


d 
.5 
.- 
s 
s 
0 
.•••0 
'" ~ 
No 
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3.381 0.133'~ r 


_ ~.!H!~., 
_ 


, 8U 413.2,34 
I 


M 
.c 
E E 
~i!ill 


6.3510.250" 
/ I 


11.7HIO.067mn.1 
I 


2·03LOJ1l!o.l 
~ 
~ 


7,§210.}OQ'+ 


BASIC 
BOTIl 
SIDES 
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Parameter 
Symbol 
Value 
Unit 


Voltage 
on Any 
Pin 
I Input 
VIN 
-1.0 
to + 7.0 
V 


Relative 
to V ss 
I Output 
VOUT 
-1.0 
to + 7.0 
V 


Supply 
Voltage 
Relative 
to V ss 
Vcc 
-1.0 
to + 7.0 
V 


Short 
Circuit 
Output 
Current 
lout 
50 
mA 


Power 
Dissipation 
PT 
8 
W 


Operating 
Temperature 
Topr 
o to + 70 
°C 


Storage 
Temperature 
Tst• 
-55 
to +125 
°C 


• 
ELECTRICAL 
CHARACTERISTICS 


• Recommended 
DC Operating 
Conditions 
(Ta = 0 to + 70°C) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


Vss 
0 
0 
0 
V 
Supply 
Voltage 


Vcc 
4.5 
5.0 
5.5 
V 
I 


Input 
High 
Voltage 
VIH 
2.4 
- 
5.5 
V 
I 


Input 
Low 
Voltage 
VIL 
-1.0 
- 
0.8 
V 
I 


HB56A 18AIATIB 


Parameter 
Symbol 
Test Conditions 
-6H 
-7H 
-8A 
-lOA 
-12A 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Operating Current 
Icci 
tRe = Min. 
- 
no 
- 
640 
- 
560 
- 
480 
- 
400 
mA 
1,2 


TIL 
Interface 
RAS, CAS = V,H 
- 
16 
- 
16 
- 
16 
- 
16 
- 
16 
mA 
DOUT= High-Z 
Standby Current 
Icc2 


CMOS Interface 
RAS, CAS", 
Vcc -O.2V 
- 
8 
- 
8 
- 
8 
- 
8 
- 
8 
mA 
DOUT= High-Z 


RAS-Only 
ICC3 
tRe = Min. 
- 
no 
- 
640 
- 
480 
- 
400 
- 
360 
mA 
2 
Refresh Current 


Standby Current 
Icc> 
RAS = V,H, CAS = V,L 
- 
40 
- 
40 
- 
40 
- 
40 
- 
40 
mA 
I 
DOUT= Enable 


CAS-Before-RAS 
ICC6 
tRC = Min. 
no 
640 
480 
400 
320 
mA 
Refresh Current 
- 
- 
- 
- 
- 


Fast Page 
ICC7 
tpc = Min. 
- 
no 
- 
640 
- 
400 
- 
400 
- 
320 
mA 
1,3 
Mode Current 


Input Leakage 


III 
OV :S VtN :S 7V 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
I'A 
Current 


Output Leakage 
ILO 
OV :S VOUT:S 7V 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
I'A 
Current 
DOUT= Disable 


Output High 
VOH 
lOUT= -5 mA 
2.4 
Vcc 
2.4 
Vcc 
2.4 
Vcc 
2.4 
Vcc 
2.4 
Vcc 
V 
Voltage 


Output Low Voltage 
VOL 
lOUT= 4.2mA 
0 
0.4 
0 
0.4 
0 
0.4 
0 
0.4 
0 
0.4 
V 


NOTES: 
I. Icc depends 
on output 
load condition 
when the device is selected, 
Icc max. is specified 
at the output open condition. 


2. Address 
can be changed 
less than three times while RAS = VIL. 


3. Address 
can be changed 
once or less while CAS = VIH. 
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HB56A18A 
------------------------------- 


• 
CAPACITANCE 
(T. = 25°C, 
Vcc = 5V ± 10%) 


Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Input Capacitance 
(Address) 
CII 
- 
55 
pF 
I 


Input Capacitance 
(Clock) 
Ct2 
- 
70 
pF 
I 


Input/Output 
Capacitance 
(DQo-DQ7) 
CliO 
- 
17 
pF 
1,2 


NOTES: 
1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 


2. CAS = VIHto disable DOUI' 


• 
AC CHARACTERISTICS 


Please show at HM511000H series or HM511000A series about AC Characteristics. 
But don't 
use by 
Derayed Write Cycle, because 
the HB56A 18 provides common 
data inputs and outputs. 
Please use by 
Early Write Cycle. (twcs 
~ twcs (min.)). 
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HB56C18A/ AT/B-8A/10A/12A 


1,048,576-Word 
x 8-Bit High Density 
Dynamic 
RAM Module 


• 
DESCRIPTION 


The HB56C18 
is a 1M x 
8 static column 
mode dynamic 
RAM 


module, 
mounted 
eight 1-Mbit DRAM (HM511002JP) 
sealed in SOJ 


package. An outline of the HB56C18 is 30-pin single in-line package 
having 
Lead 
types 
(HB56C18A, 
HB56C18AT), 
socket 
type 


(HB56C18B). 
Therefore, 
the HB56C18 makes high density mounting 


possible 
without 
surface 
mount technology. 
The HB56C18 
provides 


common 
data inputs and outputs 
and also provides separate 
1/0 on 


parity bit for parity check. 
Its module 
board has decoupling 
capaci- 


tors beneath 
the each SOJ. 


• 
FEATURES 
• 30-Pin Single In-Line Package 


Lead Pitch 
2.54mm 


• Single 5V (± 
10%) Supply 
• High Speed 
Access Time 
80/100/120ns 
(max.) 


• Low Power Dissipation 
Active Mode 
3080/2640/2200mW 
(max.) 
Standby 
Mode 
88mW (max.) 


• Static Column 
Mode Capability 


• 512 Refresh Cycle 
8ms 


• 2 Variations 
of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 


• TIL 
Compatible 


Package 
Access 
Time 
30-Pin SIP 
30-Pin SIP Low 
30-Pin SIP 


Lead Type 
Profile 
Lead Type 
Socket Type 


80ns 
HB56CI8A-8A 
HB56C 18AT-8A 
HB56CI8B-8A 


lOOns 
HB56CI8A-IOA 
HB56C 18AT-lOA 
HB56C 18B-IOA 


120ns 
HB56C18A-12A 
HB56CI8AT-12A 
HB56C 18B-12A 


I 00----------------------------00 
I 
t 
I 


Pin No. 
Pin Name 
Pin No. 
Pin Name 


I 
Vcc 
16 
DQ4 


2 
CS 
17 
As 


3 
DQo 
18 
A9 


4 
Ao 
19 
NC 


5 
AI 
20 
DQ5 


6 
DQ1 
21 
WE 


7 
A2 
22 
Vss 


8 
A3 
23 
DQ6 


9 
V5S 
24 
NC 


10 
DQ2 
25 
DQ7 


II 
A4 
26 
NC 


12 
A5 
27 
RAS 


13 
DQ3 
28 
NC 


14 
A6 
29 
NC 


15 
A7 
30 
Vcc 


Pin Name 
Function 


Ao-A9 
Address 
Input 


Ao - 
As 
Refresh 
Address 
Input 


RAS 
Row Address 
Strobe 


CS 
Chip Select 


WE 
Read/Write 
Enable 


DQo - 
DQ7 
Data-In/Data-Out 


Vcc 
Power 
Supply ( +5V) 


Vss 
Ground 


NC 
Non-Connection 
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HB56C18A/AT/B-8A/10A/12A 
------------------------ 


• 
BLOCK 
DIAGRAM 


M4 
Din 


M3 
Dout 


Din 


Dout 


Din 


(13) D03 


(10) D02 


(6) D01 


(3) DOO 


RAS 
27 


CAS 
(2) 


WE (21) 


M1 
AO-A8 
Din 


RAS 
Dout 


CAS 


WE 


M8 
(25) D07 
Din 


Dout 


Din 
(23) D06 


Dout 


Din 
(20) D05 


(16) D04 
M5 
Ao-A8 
Din 


RAS 
Dout 


CAS 


WE 


Vcc 
(1) 


~M1-8VCC 
VCC~ 
-L,... 
~AA 
.. 
~ 


~ 


C=O.22IJFX8 
VSS 
22 
M1 - 8 Vss 
Vss 
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• 
PHYSICAL 
OUTLINE 


• HB56C18A 
Series 


-t- I S.28mu.. 


. fO.208m ••. 
1 
i 
I 


8.89max. 


(0.35~ 


00 L 


to- 
0 
. '" 
'" 
. 
_ 
0 


0.25( 0.0098) 


. " 
" .- 
.- 
E 
E 
0 
••• 0 
"'_ 
No 
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88.913.500) 


82.1413.234) 


2.0310.080) 


7.6210.300) 


BASIC 
BOTH SIDES 
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Parameter 
Symbol 
Value 
Unit 


Voltage 
on Any 
Pin 
Relative 
to V ss 
VT 
-1.0 
to + 7.0 
V 


Supply 
Voltage 
Relative 
to V SS 
VCC 
-1.0 
to + 7.0 
V 


Short 
Circuit 
Output 
Current 
lout 
50 
mA 


Power 
Dissipation 
PT 
8.0 
W 


Operating 
Temperature 
Toor 
o to + 70 
°C 


Storage 
Temperature 
Tst• 
-55 
to + 125 
°C 


• 
ELECTRICAL 
CHARACTERISTICS 


• Recommended 
DC Operating 
Conditions 
(Ta = 0 to +70°C) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


Vss 
0 
0 
0 
V 
Supply 
Voltage 
Vcc 
4.5 
5.0 
5.5 
V 
1 


Input 
High 
Voltage 
VIH 
2.4 
- 
5.5 
V 
1 


Input 
Low 
Voltage 
V1L 
-1.0 
- 
0.8 
V 
1 


HB56CI8A/AT/B 


Parameter 
Symbol 
Test Conditions 
-8A 
-lOA 
-12A 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Operating 
Current 
IccI 
tRC = Min. 
- 
560 
- 
480 
- 
400 
mA 
1,2 


TTL Interface 
RAS, CS = VIH 
- 
16 
- 
16 
- 
16 
mA 


Standby 
Current 
ICC2 


DOUT = High-Z 


CMOS 
Interface 
RAS, CS ~ Vcc -0.2V 
- 
8 
- 
8 
- 
8 
mA 
DOUT = High-Z 


RAS-Only 
IcC3 
tRC = Min. 
- 
480 
- 
400 
- 
360 
mA 
2 
Refresh 
Current 


Standby 
Current 
ICC5 
RAS = VIH, CS = VIL 
- 
40 
- 
40 
- 
40 
mA 
1 
DOUT = Enable 


CAS-Before-RAS 
ICC6 
tRC = Min. 
- 
480 
- 
400 
- 
320 
mA 
Refresh 
Current 


Static Column 
Mode 
IcC9 
Static Column 
Mode 
480 
400 
320 
mA 
1,3 
Current 
tpc = Min. 
- 
- 
- 


Input Leakage 
Current 
ILl 
OV :S VIN :S 7V 
-10 
10 
-10 
10 
-10 
10 
)J.A 


Output 
Leakage 
Current 
lLO 
OV :S VOUT :S 7V 
-10 
10 
-10 
10 
-10 
10 
)J.A 
DOUT = Disable 


Output 
High Voltage 
VOH 
louT = -5 mA 
2.4 
Vcc 
2.4 
Vcc 
2.4 
Vcc 
V 


Output 
Low Voltage 
VOL 
lOUT = 4.2mA 
0 
0.4 
0 
0.4 
0 
0.4 
V 


NOTES: 
I. Icc depends 
on output 
load condition 
when the device is selected, 
Icc max. is specified 
at the output open condition. 


2. Address 
can be changed 
less than three times while RAS = VIL. 


3. Address 
can be changed 
once or less while CS = VIH. 
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Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Input Capacitance 
(Address) 
C11 
- 
55 
pF 
1 


Input Capacitance 
(Clock) 
C12 
- 
70 
pF 
1,2 


Input/Output 
Capacitance 
(DQo-DQ7) 
Cuo 
- 
17 
pF 
1,2 


NOTES: 
1. Capacitance 
measured 
with Boonton 
Meter or effective 
capacitance 
measuring 
method. 


2. CS = VIH to disable 
Doul . 


• 
AC CHARACTERISTICS 


Please show at HM511002H series about AC Characteristics. 
But don't 
use by Derayed Write Cycle, 


because 
the HB56C18 
provides common 
data inputs and outputs. 
Please use by Early Write Cycle. (twcs 
~ twcs (min.)). 
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HB56A 19A/ AT/B-6H/7H/8A/10A/12A 


1,048,576-Word 
x 9-Bit High Density 
Dynamic 
RAM Module 


• 
DESCRIPTION 


The HB56A19 is a 1M x 9 dynamic 
RAM module, 
mounted 
nine 


1-Mbit DRAM (HM511000JP) 
sealed in SOJ package. 
An outline of 


the HB56A19 
is 30-pin 
single 
in-line 
package 
having 
Lead types 


(HB56A19A, 
HB56A19AT), 
Socket type (HB56A19B). 
Therefore, 
the 


HB56A19 
makes 
high density 
mounting 
possible 
without 
surface 


mount technology. 
The HB56A 19 provides common 
data inputs and 


outputs 
and also provides separate 
I/O on parity bit for parity check. 
Its module board has decoupling 
capacitors 
beneath the each SOJ. 


• 
FEATURES 


• 30-Pin Single In-Line Package 


Lead Pitch 
2.54mm 


• Single 5V (± 
10%) Supply 
• High Speed 


Access Time 
60/70/80/100/120ns 
(max.) 


• Low Power Dissipation 


Active Mode 
.4455/3960/3465/2970/2475mW 
(max.) 


Standby 
Mode 
99mW (max.) 


• Fast Page Mode Capability 
• 512 Refresh Cycle 
8ms 


• 2 Variations 
of Refresh 


RAS Only Refresh 
CAS Before RAS Refresh 


• TIL 
Compatible 


Package 
Access 
Time 
3D-Pin SIP 
3D-Pin SIP Low 
3D-Pin SIMM 


Lead Type 
Profile Lead Type 
Socket Type 


60ns 
HB56AI9A-6H 
HB56AI9AT-6H 
HB56A 19B-6H 


70ns 
HB56A 19A-7H 
HB56AI9AT-7H 
HB56AI9B-7H 


80ns 
HB56AI9A-8A 
HB56AI9AT-8A 
HB56AI9B-8A 


lOOns 
HB56AI9A-IOA 
HB56AI9AT-IOA 
HB56A 19B-IOA 


120ns 
HB56A19A-12A 
HB56AI9AT-12A 
HB56A 19B-12A 


I "0---------- -----------------00 
I 
! 
/ 


Ipm 
SOpm 


Pin No. 
Pin Name 
Pin No. 
Pin Name 


I 
Vcc 
16 
DQ4 


2 
CAS 
17 
As 


3 
DQo 
18 
A9 


4 
Ao 
19 
NC 


5 
AI 
20 
DQs 


6 
DQI 
21 
WE 


7 
A2 
22 
Vss 


8 
A3 
23 
DQ6 


9 
Vss 
24 
NC 


10 
DQ2 
25 
DQ7 


11 
A4 
26 
PQ 


12 
As 
27 
RAS 


13 
DQ3 
28 
PCAS 


14 
A6 
29 
PO 


15 
A7 
30 
Vcc 


Pin Name 
Function 


An - 
A9 
Address 
Input 


An - 
As 
Refresh 
Address 
Input 


RAS 
Row Address 
Strobe 


CAS, 
PCAS 
Column 
Address 
Strobe 


WE 
Read/Write 
Enable 


DQo - 
DQ7 
Data-In/Data-Out 


PO 
Parity 
Data-In 


PQ 
Parity 
Data-Out 


Vcc 
Power 
Supply 
(+5V) 


Vss 
Ground 


NC 
Non-Connection 
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• 


HB56A19A/AT/B-6H/7H/8A/10A/12A 
---------------------- 


• 
BLOCK 
DIAGRAM 


AO 


A1 
A2 


A3 


A4 
M4 
(13) D03 
Din 
AS 
Dout 
A6 
(10) D02 


A7 


A8 
(6) D01 


A9 
M1 
AO-A10 
Din 
(3) DOO 


RAS 
27 
RAS 
Dout 


CAS 
(2) 
CAS 
WE (21) 
WE 


PCAS (28) 
-M9 
Din 
(26) PD 
CAS 


Dout 
(29) PO 


Din 
(25) DO? 


Dout 


Din 
(23) D06 


Dout 


Din 
(20) D05 


M5 
Dout 
AO-A10 
Din 
(16) D04 


RAS 
Dout 


CAS 


WE 


Vee 
(1) 


~M1-9Vce 
Vee~ 
-L,.. 
n 
~n~ 


~ 


C=O.22IJFX9 
Vss 
22 
M1 - 9 Vss 
Vss 
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5.28max. 
O.208max.) 


88.9(3.500) 


I- 
"I 


~~I 
kd 
2.54.1 
I.. 
0.50. 
7.62 


(0.300) 
(0.100) 
(0.0197) 
(0.300) 


8.89max. 


O.~ 


00 L 


t- 
0 
N v: 
~ 
0 


0.25(0.0098) 
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88 9(3 500) 


82.14(3.234 
) 


1.14min.(2xJ 
(0.045min. 
) 


~DDo 
0 
0 0 
0 0 
0c1 


0 


0 


0 


6.m 
0.250 V 
(RO.067max. 
) 


1.7max. 


2.03(0.080) 
I 


7.62 (0.300 ) 


BASIC 
BOTH SIDES 


~ 
12.54(0.100) 


- 
1.78(0.070) 


o ~ 
I 


30 
1I 
3.17±0.J27(¢O.J25±0.OO5l 


(0.07min 


1.27±0.J27 
(0.05 ± 0.005) 


t2.54min.(0.JOOmin.1 


'~~~'Mm. 
---o:oiO 
~ 
--.l.. 0.071 


1.78 
0:070 


Note: The plating of the contact 
finger is solder coat. 
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Parameter 
Symbol 
Value 
Unit 


Voltage 
on Any 
Pin 
I Input 
VIN 
-1.0 
to + 7.0 
V 


Relative 
to V ss 
I Output 
VOUT 
-1.0 
to + 7.0 
V 


Supply 
Voltage 
Relative 
to VSS 
Vcc 
-1.0 
to + 7.0 
V 


Short 
Circuit 
Output 
Current 
lout 
50 
mA 


Power 
Dissipation 
PT 
9 
W 


Operating 
Temperature 
Toor 
o to + 70 
°C 


Storage 
Temperature 
Tstg 
-55 
to + 125 
°C 


• 
ELECTRICAL 
CHARACTERISTICS 


• Recommended 
DC Operating 
Conditions 
(Ta = 0 to +70°C) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


Vss 
0 
0 
0 
V 
Supply 
Voltage 


Vcc 
4.5 
5.0 
5.5 
V 
I 


Input 
High 
Voltage 
V1H 
2.4 
- 
5.5 
V 
I 


Input 
Low 
Voltage 
VIL 
-1.0 
- 
0.8 
V 
1 


HB56AI9A/AT/B 


Parameter 
Symbol 
Test Conditions 
-6H 
-7H 
-SA 
-lOA 
-12A 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Operating Current 
Iccl 
tRe = Min. 
- 
SIO 
- 
720 
- 
630 
- 
540 
- 
450 
mA 
1,2 


TTL Interface 
RAS, CAS = V'H 
- 
IS 
- 
IS 
- 
IS 
- 
IS 
- 
IS 
mA 
DOUT= High-Z 


Standby Current 
ICC2 


CMOS Interface 
RAS, CAS 2: Vcc -0.2V 
- 
9 
- 
9 
- 
9 
- 
9 
- 
9 
mA 


DOUT= High-Z 


RAS-Only 
ICC3 
tRe = Min. 
- 
SIO 
- 
720 
- 
540 
- 
450 
- 
405 
mA 
2 
Refresh Current 


Standby Current 
Iccs 
RAS = V'H' CAS = V1L 
- 
45 
- 
45 
- 
45 
- 
45 
- 
45 
mA 
I 
DOUT= Enable 


CAS-Before-RAS 
ICC6 
tRe = Min. 
- 
SIO 
720 
540 
450 
360 
mA 
Refresh Current 
- 
- 
- 
- 


Fast Page 


Ice? 
tpc = Min. 
- 
SIO 
- 
720 
- 
450 
- 
450 
- 
360 
mA 
1,3 
Mode Current 


Input Leakage 


III 
OV ,;; V,N ,;; 7V 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
p.A 
Current 


Output Leakage 
ILO 
OV ,;; VOUT,;; 7V 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
p.A 
Current 
DOUT= Disable 


Output High 
VOH 
lOUT= -5 mA 
2.4 
Vee 
2.4 
Vee 
2.4 
Vee 
2.4 
Vee 
2.4 
Vee 
V 
Voltage 


Output Low Voltage 
VOL 
lOUT= 4.2mA 
0 
0.4 
0 
0.4 
0 
0.4 
0 
0.4 
0 
0.4 
V 


NOTES: 
I. Ice depends 
on output 
load condition 
when the device is selected, 
Ice max. is specified 
at the output open condition. 


2. Address 
can be changed 
less than three times while RAS = VtL. 


3. Address 
can be changed 
once or less while CAS = VIH. 
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Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Input Capacitance 
(Address) 
Cll 
- 
60 
pF 
I 


Input Capacitance 
(Clock) 
CI2 
- 
75 
pF 
I 


Input/Output 
Capacitance 
(DQo-DQ7) 
CliO 
- 
17 
pF 
1,2 


Input Capacitance 
(PD) 
CI3 
- 
10 
pF 
1,2 


Output Capacitance 
(PQ) 
CO 
- 
12 
pF 
1,2 


NOTES: 
I. Capacitance 
measured 
with Boonton 
Meter or effective 
capacitance 
measuring 
method. 


2. CAS = VIH to disable 
Dout • 


• 
AC CHARACTERISTICS 


Please show at HM511000H series or HM511000A series about AC Characteristics. 
But don't 
use by 
Derayed Write Cycle, because the HB56A19 provides common 
data inputs and outputs. 
Please use by 
Early Write Cycle. (twcs 
~ twcs (min.)). 
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HB56C19A/ AT/B-8A/10A/12A 


1,048,576-Word 
x 9-Bit High Density 
Dynamic 
RAM Module 


• 
DESCRIPTION 


The HB56C19 
is a 1M x 
9 static column 
mode dynamic 
RAM 


module, 
mounted 
nine 1-Mbit DRAM (HM511002JP) 
sealed 
in SOJ 


package. An outline of the HB56C19 is 30-pin single in-line package 
having 
Lead 
types 
(HB56C19A, 
HB56C19AT), 
Socket 
type 


(HB56C19B). 
Therefore, 
the HB56C19 makes high density mounting 


possible 
without 
surface 
mount technology. 
The HB56C19 provides 


common 
data inputs and outputs 
and also provides separate 
I/O on 


parity bit for parity check. 
Its module 
board has decoupling 
capaci- 


tors beneath 
the each SOJ. 


• 
FEATURES 


• 30-Pin Single In-Line Package 


Lead Pitch 
2.54mm 


• Single 5V (± 
10%) Supply 
• High Speed 
Access Time 
80/100/120ns 
(max.) 


• Low Power Dissipation 
Active Mode 
3465/2970/2475mW 
(max.) 


Standby 
Mode 
99mW (max.) 


• Static Column 
Mode Capability 


• 512 Refresh Cycle 
.................•................ 
8ms 


• 2 Variations 
of Refresh 


RAS Only Refresh 
CAS Before RAS Refresh 


• TIL 
Compatible 


Package 


Access 
Time 
3D-Pin SIP 
3D-Pin SIP Low 
3D-Pin SIMM 
Lead Type 
Profile Lead Type 
Socket Type 


80ns 
HB56CI9A-8A 
HB56CI9AT-8A 
HB56C 19B-8A 


lOOns 
HB56CI9A-IOA 
HB56CI9AT-IOA 
HB56C 19B-IOA 


120ns 
HB56C 19A-12A 
HB56CI9AT-12A 
HB56C 19B-12A 


I no- .. _.·_... _... ·.·.· 
wm.·. 
wm nn I 
! 
! 


Pin No. 
Pin Name 
Pin No. 
Pin Name 


I 
Vcc 
16 
DQ4 


2 
CS 
17 
Ag 


3 
DQo 
18 
A9 


4 
An 
19 
NC 


5 
AI 
20 
DQs 


6 
DQ1 
21 
WE 


7 
Az 
22 
Vss 


8 
AJ 
23 
DQ6 


9 
Vss 
24 
NC 


10 
DQz 
25 
DQ7 


II 
A4 
26 
PQ 


12 
As 
27 
RAS 


13 
DQJ 
28 
PCS 


14 
A6 
29 
PD 


15 
A7 
30 
Vcc 


Pin Name 
Function 


An-A9 
Address 
Input 


Ao - 
Ag 
Refresh 
Address 
Input 


RAS 
Row Address 
Strobe 


CS 
Chip Select 


PCS 
Parity Chip Select 


WE 
Read/Write 
Enable 


DQo - 
DQ7 
Data-In/Data-Out 


PD 
Parity Data-In 


PQ 
Parity Data-Out 


Vcc 
Power 
Supply 
( +5V) 


Vss 
Ground 


NC 
Non-Connection 
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HB56C19A/AT/B-8A/10A/12A 
------------------------ 


• 
BLOCK 
DIAGRAM 


M4 
(13) D03 
Din 


Dout 


Din 
(10) D02 


Dout 


Din 
(6) 
D01 


M1 
Dout 


AO-A10 
Din 
(3) 
DOD 


RAS 
Dout 


CAS 


WE 


-M9 
Din 
(26) PD 
CAS 


Dout 
(29) PO 
M8 
(25) D07 
Din 


Dout 


Din 
(23) D06 


Dout 


Din 
(20) DOS 


MS 
Dout 


AO-A10 
Din 
(16) D04 


RAS 
Dout 


CAS 


WE 


RAS 
27 


CAS 
(2) 


WE (21) 


Vcc 
(1) 


~M1-9VCC 
Vcc~ 
--.L" ~~~...~ 


~ 


C=D.22IJFX9 
Vss 
22 
M1 - 9 Vss 
Vss 
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5.28max. 
O.208max.) 


8.89max. 
o.~ 


~8 L 
N u: 
~ 
0 


0.25(0.0098) 
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3.38(0.133) 
82.14(3.234 
) 


- 


l.14min.(2xJ 
(0.045min. 
) 
J[ 


0 
J 
J 
J 
0 
0 D° 


0 
q 
11 lJ 
+ 
. 
.,; j 
E 
- 
0 
0 
0 
0 
o 
0 
c 
c 
\ 
I 
~ ~ 
d 
g 


6.35( 0.250)/ 
1 
30 


1 
3.: 


(RO.067max. 
) 
1.1max. 
2.54(0.100) 
BASIC 
- 
BOTH 
SIDES 
2.03(0.080) 
- 
1.78(0.070) 
(0.07min) 
7.62 (0.300 ) 
73.66 (2.900 )REF 


1.27± 
0.127 
(0.05 ± 0.005) 


2.54min.(0.100min. 
) 


Parameter 
Symbol 
Value 
Unit 


Voltage on Any Pin Relative to VSS 
VT 
-1.0 to + 7.0 
V 


Supply Voltage Relative to VSS 
VCC 
-1.0 to + 7.0 
V 


Short Circuit Output Current 
lout 
50 
mA 


Power Dissipation 
PT 
9.0 
W 


Operating 
Temperature 
Toor 
o to + 70 
°C 


Storage Temperature 
Tst~ 
-55 to +125 
°C 


• 
ELECTRICAL 
CHARACTERISTICS 


• Recommended 
DC Operating 
Conditions 
(Ta = 0 to +70°C) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


Vss 
0 
0 
0 
V 
Supply Voltage 
Vcc 
4.5 
5.0 
5.5 
V 
1 


Input High Voltage 
V1H 
2.4 
- 
5.5 
V 
I 


Input Low Voltage 
V1L 
-1.0 
- 
0.8 
V 
1 
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HB56CI9AIAT/B 


Parameter 
Symbol 
Test Conditions 
-8A 
-lOA 
-12A 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Operating 
Current 
Icci 
tRC = Min. 
- 
630 
- 
540 
- 
450 
mA 
1.2 


TIL 
Interface 
RAS. CS = VIH 
- 
18 
- 
18 
- 
18 
mA 


Standby 
Current 
Icc2 
DOUT = High-Z 


CMOS 
Interface 
RAS. CS ~ Vcc -0.2V 
- 
9 
- 
9 
- 
9 
mA 
DOUT = High-Z 


RAS-Only 
leeJ 
tRC = Min. 
- 
540 
- 
450 
- 
405 
mA 
2 
Refresh 
Current 


Standby Current 
lecs 
RAS = VIH. CS = VIL 
- 
45 
- 
45 
- 
45 
mA 
I 
DOUT = Enable 


CS-Before-RAS 
leC6 
tRC = Min. 
540 
450 
360 
mA 
Refresh 
Current 
- 
- 
- 


Static Column 
Mode 
ICC9 
Static Column 
Mode 
540 
450 
360 
mA 
1.3 
Current 
tpc = Min. 
- 
- 
- 


Input Leakage 
Current 
ILl 
OV :5 VIN :5 7V 
-10 
10 
-10 
10 
-10 
10 
!LA 


Output 
Leakage 
Current 
lLO 
OV :5 VOUT :5 7V 
-10 
10 
-10 
10 
-10 
10 
!LA 
DOUT = Disable 


Output High Voltage 
VOH 
lOUT = -5 mA 
2.4 
Vcc 
2.4 
Vcc 
2.4 
Vcc 
V 


Output 
Low Voltage 
VOL 
loUT = 4.2mA 
0 
0.4 
0 
0.4 
0 
0.4 
V 


NOTES: 
I. Icc depends 
on output load condition 
when the device is selected. 
Icc max. is specified 
at the output open condition. 


2. Address 
can be changed 
less than three times while RAS = VIL. 


3. Address 
can be changed 
once or less while CS = VIH. 
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Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Input Capacitance 
(Address) 
CII 
- 
60 
pF 
I 


Input Capacitance 
(Clock) 
CI2 
- 
75 
pF 
1,2 


Input/Output 
Capacitance 
(DQo-DQ7) 
CliO 
- 
17 
pF 
1,2 


Input Capacitance 
(PD) 
Cl3 
- 
10 
pF 
1 


Output Capacitance 
(PQ) 
CO 
- 
12 
pF 
1,2 


NOTES: 
I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 


2. CS = VIH to disable Doot • 


• 
AC CHARACTERISTICS 


Please show at HM511002A series about AC Characteristics. 
But don't 
use by Derayed Write Cycle, 


because the HB56C19 
provides 
common 
data inputs and outputs. 
Please use by Early Write Cycle. (twcs 
~ twcs (min.)). 
. 
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HM514100JP/ZP-8/10/12 
4 Megabit DRAM 


The Hitachi HM514100 is a CMOS dynamic RAM organized 
4,194,304 


word x 1 bit. HM514100 has realized higher density, higher 
performance 
and various functions 
by employing 
0.8 I'm CMOS 


process technology 
and some new CMOS circuit design technologies. 


The HM514100 offers Fast Page Mode as a high speed access mode. 


Multiplexed 
address input permits the HM514100 to be packaged in 


standard 2O-pin plastic SOJ and 2O-pin plastic ZIP. 


• 
Single 5V (± 10%) 


• 
High Speed 
Access time .............•............ 
80ns/100ns/120ns 
(max.) 


• 
Low power dissipation 
-Active 
mode 
'.' .....•..... 
495mW/440mW/385mW 
(max.) 


-Standby 
mode 
11mW(max.) 


• 
Fast page mode capability 


• 
1,024 refresh cycles ............•..................... 
(16 ms) 


• 3 variations 
of refresh 
-RAS only refresh 
~ 
before ~ 
refresh 


-Hidden 
Refresh 


• 
Test Function 


• HII514100.P_ 
r Hi1IIdli 
Pin No'l 
I JEDEC Pin No. 


Din 
1 
26 
v•• 


WE 
2 
2S 
Dcl<I1 


RAS 
3 
24 
CAS 


NC 
423 
NC 


AID 
5 
22 
/Ul 


Part No. 
Access 
Package 


HMSI4lOOJP-8 
SOns 
350 mil 20-pin 
HMSl4lOOJP- 10 
lOOns 
HMSl4lOOJP-l2 
l20ns 
Plastic 
SOJ 


HMSl4lOOZP-8 
SOns 
400 mil 20-pin 
HMSl4lOOZP- 10 
JOOns 


HMSl4lOOZP-l2 
l20ns 
Plastic ZIP 


AD 
i 
18 
AS 
AI 
10 
17 
A7 


A2 
11 
16 
AS 


A3 
12 
15 
A5 


Voc 
13 
14 
1 
A4 


(Top VIew) 


• HII514100ZP_ 


CAS 
2 
v•• 
4 


WE 
6 
AID 8 


NC 
10 


AI 
12 


A3 
14 


A4 
16 
M 
18 


A820 


l/Ul 


3 Dout 


5 Din 
7m 
9NC 


11 AD 
13A2 


15Vcc 
HA5 
liA7 


Pin Name 
Function 


Ao-AIO 
Address 
Input 


Ao-~ 
Refresh 
Address 
Input 


l>tN 
Data-in 


DoUT 
Data-<lUt 


RAS 
Row Address 
Strobe 


CAS 
Column 
Address 
Strobe 


WE 
RcadlWrite 
Enable 


Vee 
Power (+SV) 


Vss 
Ground 
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Parameter 
Symbol 
Value 
Unit 


Voltage on any Pin 
VT 
-1.0 to +7.0 
V 
Relative to Vss 


Supply Voltage 
Vcc 
-1.0 to +7.0 
V 
Relative to Vss 


Short Circuit Output Current 
loul 
50 
mA 


Power Dissipation 
PT 
1.0 
W 


Operating Temperature 
Topr 
o to +70 
·C 


Storage Temperature 
Tstg 
-55 to + 125 
·C 


• 
ELECTRICAL 
CHARACTERISTICS 


• Recommended 
DC Operating 
Conditions 
(T A = 0 to +70°C) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


Supply Voltage 
Vcc 
4.5 
5.0 
5.5 
V 
1 


Input High Voltage 
VIH 
2.4 
- 
6.5 
V 
1 


Input Low Voltage 
V1L 
-2.0 
- 
0.8 
V 
1 


HM514100-8 
HM514100-10 
HM514100-12 
Parameter 
Symbol 
Unit 
Test Condition 
Note 
Min 
Max 
Min 
Max 
Min 
Max 


Operating 
Current 
ICCI 
- 
90 
- 
80 
- 
70 
mA 
RAS, CAS Cycling 
1,2 
tRC = min 


TTL Interface 
- 
2 
- 
2 
- 
2 
mA 
RAS, CAS = VIH 
Dou1 = High-Z 
Standby Current 
ICC2 


CMOS Interface RAS, 
- 
I 
- 
1 
- 
1 
mA 
CAS 2: VCC- 0.2V 
Dou1 = High-Z 


RAS Only Refresh Current 
ICeJ 
- 
90 
- 
80 
- 
70 
mA 
tRC = min 
2 


RAS = VIH 
Standby Current 
ICC5 
- 
5 
- 
5 
- 
5 
mA 
CAS = V1L 
1 


Dou1 = Enable 


CAS Before RAS Refresh Current 
IcC6 
- 
90 
- 
80 
- 
70 
mA 
tRC = min 


Fast Page Mode Current 
ICC7 
- 
90 
- 
80 
- 
70 
mA 
tpc = min 
1,3 


Input Leakage Current 
ILl 
-10 
10 
-10 
10 
-10 
10 
pA 
OV :5 V1N :5 7V 


Output Leakage Current 
ILO 
-10 
10 
-10 
10 
-10 
10 
pA 
OV :5 VOUT :5 7V 
Dout = Disable 


Output High Voltage 
VOH 
2.4 
VCC 
2.4 
VCC 
2.4 
Vcc 
V 
High loul = -5mA 


Output Low Voltage 
VOL 
0 
0.4 
0 
0.4 
0 
0.4 
V 
Low lout = 4.2mA 


NOTE: 
1. Ice 
depends 
on output 
load condition 
when 
the device 
is selected. 
Ice mu is specified 
at the output open condition. 


2. Address 
can be changed 
once 
or less while 
RAS = VIL. 


3. Address 
can be changed 
once 
or less CAS = VIH. 
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Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Input Capacitance (Address, Data-in) 
C11 
- 
5 
pF 
I 


Input Capacitance (Clocks) 
CI2 
- 
7 
pF 
I 


Output Capacitance (Data-out) 
Co 
- 
7 
pF 
1,2 


NOTE: 
1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 


2. CAS = VIH to disable DoUT . 


• AC Characteristics 
(T A = 0 to 70°C, 
Ycc = 5Y ± 10%, Y 55 = OY) I, 12, 15 


Read, 
Write, 
Read-Modify-Write 
and Refresh 
Cycles 
(Common 
Parameters) 


I Symbol 
HM514100-8 
HM514100-10 
HM514100-12 


Parameter 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Random Read or Write Cycle Time 
tRC 
150 
- 
180 
- 
210 
- 
ns 


RAS Precharge Time 
tRP 
60 
- 
70 
- 
80 
- 
ns 


RAS Pulse Width 
tRAS 
80 
1ססoo 
100 
1ססoo 
120 
1ססoo 
ns 


CAS Pulse Width 
teAS 
25 
1ססoo 
25 
1ססoo 
30 
1ססoo 
ns 


Row Address Set-up Time 
tASR 
0 
- 
0 
- 
0 
- 
ns 


Row Address Hold Time 
tRAH 
12 
- 
15 
- 
15 
- 
ns 


Column Address Set-up Time 
tASC 
0 
- 
0 
- 
0 
- 
ns 


Column Address Hold Time 
teAH 
15 
- 
20 
- 
25 
- 
ns 


RAS to CAS Delay Time 
tRCD 
22 
55 
25 
75 
25 
90 
ns 
8 


RAS to Column Address Delay Time 
tRAD 
17 
40 
20 
55 
20 
65 
ns 
9 


RAS Hold Time 
tRSH 
25 
- 
25 
- 
30 
- 
ns 


CAS Hold Time 
teSH 
80 
- 
100 
- 
120 
- 
ns 


CAS to RAS Precharge Time 
teRP 
5 
- 
10 
- 
10 
- 
ns 


Transition Time (Rise and Fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
7 


Refresh Period 
tREF 
- 
16 
- 
16 
- 
16 
ms 


HM514100-8 
HM514100-10 
HM514100-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Access Time From RAS 
tRAC 
- 
80 
- 
100 
- 
120 
ns 
2,3,16 


Access Time From CAS 
teAC 
- 
25 
- 
25 
- 
30 
ns 
3,4,14 


Access Time From Address 
tAA 
- 
40 
- 
45 
- 
55 
ns 
3,5,14,16 


Read Command Set-up Time 
tRCS 
0 
- 
0 
- 
0 
- 
ns 


Read Command Hold Time to CAS 
tRCH 
0 
- 
0 
- 
0 
- 
ns 


Read Command Hold Time to RAS 
tRRH 
10 
- 
10 
- 
10 
- 
ns 


Column Address to RAS Lead Time 
tRAL 
40 
- 
45 
- 
55 
- 
ns 


Output Buffer Turn-off Time 
!oFF 
0 
20 
0 
25 
0 
30 
ns 
6 
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HM514100-8 
HM514100-10 
HM514100-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Command Set-up Time 
twcs 
0 
- 
0 
- 
0 
- 
os 
10 


Write Command Hold Time 
tWCH 
15 
- 
20 
- 
25 
- 
ns 


Write Command Pulse Width 
twP 
15 
- 
20 
- 
25 
- 
ns 


Write Command to RAS Lead Time 
tRWL 
25 
- 
25 
- 
30 
- 
ns 


Write Command to CAS Lead Time 
lewL 
25 
- 
25 
- 
30 
- 
ns 


Data-in Set-up Time 
tos 
0 
- 
0 
- 
0 
- 
ns 
II 


Data-in Hold Time 
tOH 
15 
- 
20 
- 
25 
- 
os 
II 


HM514100-8 
HM514100-1O 
HM514100-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read-Modify-Write 
Cycle Time 
tRwC 
180 
- 
210 
- 
245 
- 
ns 


RAS 10 WE Delay Time 
tRWD 
80 
- 
100 
- 
120 
- 
ns 
10 


CAS to WE Delay Time 
leWD 
25 
- 
25 
- 
30 
- 
ns 
10 


Column Address to WE Delay Time 
tAwo 
40 
- 
45 
- 
55 
- 
ns 
10 


HM5141OO-8 
HM5141OO-10 
HM514100-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS Set-up Time 
leSR 
10 
- 
10 
- 
10 
- 
ns 
(CAS Before RAS Refresh Cycle) 


CAS Hold Time 
20 
20 
25 
(CAS Before RAS Refresh Cycle) 
leHR 
- 
- 
- 
ns 


RAS Precharge to CAS Hold Time 
tRPC 
10 
- 
10 
- 
10 
- 
ns 


HM5141OO-8 
HM5141OO-1O 
HM5141OO-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Fast Page Mode Cycle Time 
tpc 
55 
- 
55 
- 
65 
- 
ns 


Fast Page Mode CAS Precharge Time 
lep 
10 
- 
10 
- 
15 
- 
ns 


Fast Page Mode RAS Pulse Width 
tRASe 
- 
10ססoo 
- 
10ססoo 
- 
10ססoo 
ns 
13 


Access Time From CAS Precharge 
tAcP 
- 
50 
- 
50 
- 
60 
os 
14,16 


RAS Hold Time From CAS Precharge 
tRHCP 
50 
- 
50 
- 
60 
- 
ns 
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HM514lOO-8 
HM514lOO-10 
HM5I4lOO-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max: 
Min. 
Max. 
Min. 
Max. 


Fast Page Mode Read-Modify-Write 
tPCM 
85 
- 
85 
- 
100 
- 
ns 
Cycle Time 


HM5141OO-8 
HM514100-10 
HM514100-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Test Mode WE Set-up Time 
IwS 
0 
- 
0 
- 
0 
- 
ns 


Test Mode WE Hold Time 
tWH 
20 
- 
20 
- 
20 
- 
ns 


HM5141oo-8 
HM5141oo-10 
HM5141oo-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS Precharge 
Time in Counter 
lePT 
40 
- 
50 
- 
60 
- 
ns 
Test Cycle 


NOTES: 
I. AC measuremenu 
assume 
tr = 5ns. 


2. Assumes 
that IReD 
:S IReD 
(malt) 
and tRAD 
:S tRAD (max). 
If (ReO or IRAD is greater 
than 
the maximum 
recommended 
w.lue 
shown 
in this table. 
'RAe exceeds 
the 
value shown. 


3. Measured 
with. 
load circuit 
equi\'alenl 
to 2TfL 
loads 
and 
lOOpF. 


4. 
Assumes 
thai IReD 
~ 
tReD 
(max) 
and IRAQ :S IRAQ (max). 


S. Assumes 
thaI IReD 
:S IReD 
(max) 
and lRAD 
2=:lRAD (max). 


6. toFF 
(max) 
defines 
the time 
al whkh 
the output 
achieves 
the open 
circuit 
condition 
and is not referenced 
to output 
'o'Oltage levels. 


7. VIH (miR) and V1L (max) 
are reference 
levels 
for measuring 
timing 
of input 
signals. 
Also, 
transition 
times 
are measured 
between 
VIH and VIL. 


8. Operation 
with 
the IReD 
(max) 
limit 
insures 
that tRAe 
(max) 
can be met, 
(Reo (mu) is specified 
15 a reference 
point 
only, if IReD 
is greacer 
than 
the specifted 
IReD 


(max) 
limit, 
then 
.ccess 
time 
is controlled 
exclusively 
by teAC. 


9. Operation 
with 
the tRAD (max) 
limit 
insures 
that tRAC (max) 
can be met, 
tRAD (max) 
is specified 
as a reference 
point 
only, 
if tRAD is greater 
than the speciftOd 
tRAD 


(max) 
limit, 
then access 
time 
is controlled 
exclusively 
by tAA. 


10. twcs, 
tRWo. 
tewo 
and tAWO are not reslrictive 
operating 
parameters. 
Tbey 
are included 
in the data sheet 
as elcctrical 
characteristtes 
only: 
iftwcs 
~ 
twes 
(miD), 
the 


cycle 
is an earty 
write 
cycle 
and the data out pin will 
remain 
open 
circuit 
(high 
impedance) 
throughout 
the entire 
cycle; 
if tRWD 
~ 
IRWD (min), 
leWD 
~ 
!CWo 
(min) 


and tAWD ~ 
tAWO (min), 
the cycle 
is a read-modify·write 
and the data output 
will contain 
data 
read 
from 
the seleclCd 
cell; 
if neither 
of the above 
sets of conditions 
is 


satisfied, 
the condition 
of the data out (at access 
time) 
is indeterminate. 


II. 
1bese 
parameters 
are referenced 
to CAS 
leading 
odae 
in an early 
write 
cycle 
and to WE 
leading 
edae 
in a delayed 
write 
or a read-modify-write 
cycle. 


12. An initial 
pause 
of 1OO".s is required 
after 
power 
up followed 
by a minimum 
of eight 
initialization 
cycles 
(RAS-only 
refresh 
cycle 
or CAS-before-RAS 
refresh 
cycle). 
Jr 


the internal 
refresh 
counter 
is used, 
a minimum 
of eight 
CAS-before·RAS 
refresh 
cycles 
is required. 


13. tRASe 
defines 
RAS 
pulse 
width 
in fast page 
mode 
cycles. 


14. Access 
time 
is determined 
by the longeroftAA 
orteAC 
or tACf\ 


IS. 
Test mode 
operation 
specified 
in this data sheet: is a-bit 
lest function 
controlled 
by control 
address 
bits-RAIO, 
CAIO 
and CAO. 
This 
test mode 
operation 
can be 


performed 
by WE-and-eAS-before-RAS 
(WCBR) 
refresh 
cycle. 
Refresh 
during 
test mode 
operation 
will be performed 
by normal 
read cycles 
or by WCBR 
refresh 


cycles. 
When 
the state of eight 
leSl: bits accord 
each 
other, 
the condition 
of the output 
data 
is high 
level. 
When 
the stale 
of test bits do not accord, 
the condition 
of the 


output 
data 
is low level. 
Data 
output 
pin is DOUIand data 
input 
pin is Din. 
In order 
to end this lest mode 
operation. 
perform 
a RAS-only 
refresh 
cycle 
or a 


CAS-before-RAS 
refresh 
cycle. 


16. In a test mode 
read cycle, 
the value 
of IRAC. tAA, teAC 
and tACP is delayed 
for 2ns 
10 Sm for the specified 
value. 
These 
parameters 
should 
be specifted 
in test mode 


cycles 
by adding 
the above 
value 
10 the specified 
value 
in this data sheet . 
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• 
TIMING 
WAVEFORM 


• Read 
Cycle 


Din 


Dout 


tAC 


tRAS 


IRP 


RSH 


tACO 
tCAS 


tCSH 
tCRP 


Dout 
IRAC 


~ 
:Oon"tcare 


tAC 


IRAS 


RSH 


tACO 
tCAS 
ICRP 


tCSH 


tASC 


• ~ 
: Don' care 


•• 
Iwcs>:twcs 
(min) 
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lAC 


tRAS 


tCSH 
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Address 


Dout 
·~:Don'c:.N 


- fW'-.h 
Add,...: 
N).AJj 


(AXC>-AXO) 


~HITACHI 
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O~:Don't~ 


.0 WE 
:V1H 


~HITACHI 


Hitachi America, Ltd .• 
Hitachi Plaza· 
2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 
863 


·~:oon'c.. 
•. 
twcs~twcs 
emln) 
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'1 CBR or RAS only rehsh 
'2 rz2Zd :Don' care 
·3 Addreu. OWl;Oon' <:are 
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• 
TEST MODE RESET CYCLE 


• CAS Before· RAS Refresh Cycle 


Noe -1 Refresh 
Address AD-A9 (AXcrAX9) 


-2 rzz-n :Don't care 
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• 
4M DRAM 
LOW 
POWER 
VERSION 


The specification 
on the low power version 
is the same as the standard 
4 Megabit 
DRAM with the exception 
of the 
following 
parameters. 


Item 
Conditions 
Spec. 


4M x I 


Type No. 
HMSI4100UP/LZP 
1M x 4 


Temperature 
- 
O-SsoC 


RAS, CAS, WE 
2: Vcc 
- O.2V 
ICC2 
Other Pin 
2: VCC - O.2V or 
oS O.2V 
200I'A max 
(Standby CMOS Interface) 
(Address and DIN is Stable) 


Dou,: High-Z 


tRC = 12SI's, IRAS oS IJ'S 


IcclO 
V1LI 
2: VCC - O.2V, V1L 
oS O.2V 
300I'A max 
(Standby with CBR Refresh) 
WE and OE = VIH' Address and D;" is Stable 


Dou': High-Z 


Refresh 
128ms 
- 


tREF 


~HITACHI 


868 
Hitachi America, ltd .• 
Hitachi Plaza· 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 


HM514100JP/ZP-7 
4 Megabit DRAM 


The Hitachi HM514100 is a CMOS dynamic RAM organized 
4,194,304 
word x 1 bit. HM514100 has realized higher density, higher 
performance 
and various functions 
by employing 
0.8 I'm CMOS 
process technology 
and some new CMOS circuit design technologies. 


The HM514100 offers Fast Page Mode as a high speed access mode. 


Multiplexed 
address input permits the HM514100 to be packaged in 
standard 20-pin plastic SOJ and 20-pin plastic ZIP. 


• 
Single 5V (± 10%, -5%) 


• 
High Speed 
Access time ..............•..................... 
70ns (max.) 


• 
Low power dissipation 
-Active 
mode .............•....•...•....•.... 
550mW (max.) 
-Standby 
mode 
....................•.......... 
11mW (max.) 


• 
Fast page mode capability 


• 
1,024 refresh cycles ............•........•............ 
(16 ms) 


• 
3 variations 
of refresh 


-"RAS only refresh 
-CAS 
before RAS refresh 
-Hidden 
Refresh 


• Test Function 


•HM514100JP_ 
r 


Hitachi Pin No°l 
JEDEC 
Pin No. 


Din 
1 
26 
Vas 
WE 
2 
25 
Dout 


RAS 
3 
24 
CAS 


NC 
423 
NC 
Al0 
S 
22 
A9 


Pan No. 
Access 
Package 


HM5l4100JP-7 
70ns 
350 mil 20-pin 
Plastic SOJ 


HM5l4100ZP-7 
70ns 
400 mil 2Q.-pin 
Plastic ZIP 


AD 


A1 


A2 


A3 
Vcc 
1 


Pin Name 
Function 


Ao-A10 
Address Input 


Ao-A9 
Refresh Address Input 


DIN 
Data-in 


DOUT 
Data-out 


RAS 
Row Address Strobe 


CAS 
Column Address Strobe 


WE 
Read/Write Enable 


Vcc 
Power (+5V) 


Vss 
Ground 


CAS 2 


V•• 
4 
ViE 
6 


A10 
8 


NC 
10 


A1 
12 
A3 14 


A4 
16 


AS 
18 


A820 


1A9 


3 
Dout 


5 Din 


7 RAS 


9 
NC 


"AO 
,3A2 


15Vcc 


HAS 
19A7 
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Parameter 
Symbol 
Value 
Unit 


Voltage on any Pin 
VT 
-1.0 to +7.0 
V 
Relative to Vss 


Supply Voltage 
Vcc 
-1.0 to +7.0 
V 
Relative to Vss 


Short Circuit Output Current 
I"", 
50 
mA 


Power Dissipation 
PT 
1.0 
W 


Operating Temperature 
Top, 
o to +70 
'C 


Storage Temperature 
Tstg 
-55 to + 125 
'C 


• 
ELECTRICAL CHARACTERISTICS 


• Recommended DC Operating Conditions (T A = 0 10 +70°C) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


Supply Voltage 
Vcc 
4.75 
5.0 
5.5 
V 
I 


Input High Voltage 
V1H 
2.4 
- 
6.5 
V 
I 


Input Low Voltage 
V1L 
-2.0 
- 
0.8 
V 
I 


HM514100-7 
Parameter 
Symbol 
Unil 
Test Condition 
Note 


Min 
Max 


Operating Current 
ICC1 
- 
100 
mA 
RAS. CAS Cycling 
1.2 
tRC = min 


TTL Interface 


- 
2 
mA 
RAS. CAS = VIH 
Doo, = High-Z 
Standby Current 
icC2 


CMOS Interface RAS. 


- 
1 
mA 
CAS 2: VCC - 0.2V 
Do", = High-Z 


RAS Only Refresh Current 
ICC3 
- 
100 
mA 
tRC = min 
2 


RAS = V'H 


Standby Current 
Iccs 
- 
5 
mA 
CAS = V1L 
I 


Doo, = Enable 


CAS Before RAS Refresh Current 
ICC6 
- 
100 
mA 
tRC = min 


Fast Page Mode Current 
ICC? 
- 
100 
mA 
tpe = min 
1.3 


Input Leakage Current 
ILl 
-10 
10 
p.A 
OV s V1N S 7V 


Output Leakage Current 
ILO 
-10 
10 
p.A 
OV s VOUTs 7V 
Doo, = Disable 


Output High Voltage 
VOH 
2.4 
VCC 
V 
High I"", = -5mA 


Output Low Voltage 
VOL 
0 
0.4 
V 
Low I"", = 4.2mA 


NOTE: 
J. Ice 
depends 
on output 
load condition 
when 
the device 
is selected. 
Ice 
max is specified 
at the output open condition. 


2. Address 
can be changed 
once 
or less while 
RAS 
;; VtL. 


3. Address 
can be changed 
once 
or less CAS;; 
VIH. 
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Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Input Capacitance (Address, Data-in) 
CII 
- 
5 
pF 
1 


Input Capacitance (Clocks) 
C,2 
- 
7 
pF 
I 


Output Capacitance (Data-<>ut) 
Co 
- 
7 
pF 
1,2 


• AC Characteristics (TA = O°C to 70°C, 
Vcc = 5V ± 10%, -5% 
Vss = OV) I, 12, 15 


Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


HM514100-7 


Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 


Random Read or Write Cycle Time 
tRC 
140 
- 
ns 


RAS Precharge Time 
tRP 
60 
- 
ns 


RAS Pulse Width 
tRAS 
70 
1ססoo 
ns 


CAS Pulse Width 
leAS 
25 
1ססoo 
ns 


Row Address Set-up Time 
tASR 
0 
- 
ns 


Row Address Hold Time 
tRAH. 
10 
- 
ns 


Column Address Set-up Time 
tAsc 
0 
- 
ns 


Column Address Hold Time 
leAH 
15 
- 
ns 


RAS to CAS Delay Time 
tReD 
20 
40 
ns 
8 


RAS to Column Address Delay Time 
tRAD 
15 
30 
ns 
9 


RAS Hold Time 
tRSH 
20 
- 
ns 


CAS Hold Time 
leSH 
70 
- 
ns 


CAS to RAS Precharge Time 
leRP 
5 
- 
ns 


Transition Time (Rise and Fall) 
tT 
3 
50 
ns 
7 


Refresh Period 
tREF 
- 
16 
ms 


HM514100-7 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 


Access Time From RAS 
tRAC 
- 
70 
ns 
2,3,16 


Access Time From CAS 
leAC 
- 
25 
ns 
3,4,14 


Access Time From Address 
tAA 
- 
40 
ns 
3,5, 
14, 16 


Read Command Set-up Time 
tRCS 
0 
- 
ns 


Read Command Hold Time to CAS 
tRCH 
0 
- 
ns 


Read Command Hold Time to RAS 
tRRH 
0 
- 
ns 


Column Address to RAS Lead Time 
tRAL 
40 
- 
ns 


Output Buffer Turn-off Time 
toFF 
0 
20 
ns 
6 
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HM514100-7 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 


Write Command Set-up Time 
twcs 
0 
- 
ns 
10 


Write Command Hold Time 
tWCH 
15 
- 
ns 


Write Command Pulse Width 
twP 
15 
- 
ns 


Write Command to RAS Lead Time 
tRwL 
25 
- 
ns 


Write Command to CAS Lead Time 
lewL 
25 
- 
ns 


Data-in Set-up Time 
tDS 
0 
- 
ns 
11 


Data-in Hold Time 
tDH 
15 
- 
ns 
11 


HM514100-7 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 


Read-Modify- Write Cycle Time 
tRwC 
170 
- 
ns 


RAS to WE Delay Time 
tRWD 
70 
- 
ns 
10 


CAS to WE Delay Time 
lewD 
25 
- 
ns 
10 


Column Address to WE Delay Time 
tAwD 
40 
- 
ns 
10 


HM514100-7 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 


CAS Set-up Time 
leSR 
10 
- 
ns 
(CAS Before RAS Refresh Cycle) 


CAS Hold Time 
15 
(CAS Before RAS Refresh Cycle) 
leHR 
- 
ns 


RAS Precharge to CAS Hold Time 
tRPC 
10 
- 
ns 


HM5l4100-7 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 


Fast Page Mode Cycle Time 
tpc 
55 
- 
ns 


Fast Page Mode CAS Precharge Time 
lep 
10 
- 
ns 


Fast Page Mode RAS Pulse Width 
tRASC 
- 
10ססoo 
ns 
13 


Access Time From CAS Precharge 
tAcP 
- 
50 
ns 
14,16 


RAS Hold Time From CAS Precharge 
tRHCP 
50 
- 
ns 
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HM514100-7 
Parameter 
Symbol 


I 
Unit 
NOle 


Min. 
Max. 


Fast Page Mode Read-Modify- Write Cycle Time 
tpcM 
85 
I 
- 
ns 


HM514100-7 
Parameter 
Symbol 
Unil 
Note 


Min. 
Max. 


Test Mode WE Set-up Time 
tws 
0 
- 
ns 


Test Mode WE Hold Time 
tWH 
20 
- 
ns 


HM5l4100-7 
Parameter 
Symbol 
I 
Unit 
Note 
Min. 
Max. 


CAS Precharge Time in Counter Test Cycle 
!cPT 
40 
I 
- 
ns 


NOTES: 
I. AC measurements 
assume 
tT = 50S. 


2. 
Assumes 
that {ReO S 'Reo 
(max) 
and tRAD 
:S IRAD (max). 
IfIRCD 
or IRAD is greater 
than the maximum 
recommended 
value 
shown 
in Ihis table. 
'RAe 
exceeds 
the 


value shown. 


3. Measured 
with 
a load circuit 
equivalent 
to 2TfL 
loads 
and 
KX>pF. 


4. 
Assumes 
that {Reo 
~ 
IReD 
(max) 
and tRAD .s IRAD (max). 


5. Assumes 
that {Reo 
.s IReD (max) 
and tRAD 
~ IRAD (max). 


6. IOFF (max) 
defines 
the time 
at which 
the output 
achieves 
the open 
circuit 
condition 
and is nol referenced 
to output 
voltage 
levels. 


7. VIH (min) 
and 
VIL (mu) are reference 
levels 
for measuring 
liming 
of input 
signals. 
Also. 
transition 
times 
are measured 
between 
VIH and 
VIL. 


8. Operation 
with 
the {Reo 
(max) 
limit 
insures 
that tRAC (max) 
can be met, 
tRCD (max) 
is specified 
as a reference 
point 
only, 
if tRCD is greater 
than the: specified 
tRCD 


(max) 
limit, 
then 
access 
time 
is controlled 
exclusively 
by !CAe. 


9. Operation 
with 
the tRAD (max) 
limit 
insures 
that tRAC (max) 
can be met. 
tRAD (max) 
is specified 
as a reference 
point 
only. 
if tRAD is greater 
than 
the specified 
tRAD 


(max) 
limit, 
then 
access 
time 
is controlled 
exclusively 
by tAA. 


10. twcs, 
tRW[), tcwD 
and tAwD are not restrictive 
operating 
parameters. 
They 
are included 
in the data 
sheet 
as electrical 
characteristics 
only: 
if twcs 
~ 
twcs 
(min), 
the 


cycle 
is an early 
write 
cycle 
and the data out pin will 
remain 
open 
circuit 
(high 
impedance) 
throughout 
the entire 
cycle; 
if tRWD 
~ 
tRwD 
(min). 
tcwD 
~ 
tcwD 
(min) 


and tAwD 
~ 
tAwD (min). 
the cycle 
is a read-modify-write 
and the: data output 
will contain 
data 
read from 
the selected 
cell; 
if neither 
of the above 
sets of conditions 
is 


satisfied. 
the condition 
of the data out (at access 
time) 
is indeterminate. 


J I. These 
parameters 
are referenced 
to CAS 
leading 
edge 
in an early 
write 
cycle 
and to WE leading 
edge 
in a delayed 
write 
or a read-modify-write 
cycle. 


12. An initial 
pause 
of 100 ~s is required 
after 
~r 
up followed 
by a minimum 
of eight 
initialization 
cycles 
(RAS-only 
refresh 
cycle 
or CAS-before-RAS 
refresh 
cycle). 
If 


the internal 
refresh 
counter 
is used. 
a minimum 
of eight 
CAS·before-RAS 
refresh 
cycles 
is required. 


13. tRASC defines 
RAS pulse 
width 
in fast page 
mode 
cycles. 


14. Access 
time 
is determined 
by the longer 
oftAA 
or !CAC or tACPo 


15. Test mode 
operation 
specified 
in this data 
sheet 
is 8-bit 
test function 
controlled 
by control 
address 
bits-RA 
10. CA to and CAO. 
This 
test mode 
operation 
can be 


performed 
by WE-and·CAS·before-RAS 
(WCBR) 
refresh 
cycle. 
Refresh 
during 
test mode 
operation 
will be performed 
by normal 
read cycles 
or by WCBR 
refresh 


cycles. 
When 
the state 
of eight 
test bits accord 
each 
other, 
the condition 
of the output 
data 
is high 
level. 
When 
the state 
of test bits do not accord. 
the condition 
of the 


output 
data 
is low level. 
Data 
output 
pin is DOl!! and data 
input 
pin is Din. 
In order 
to end this test mode 
operation, 
perform 
a RAS-only 
refresh 
cycle 
or a 


CAS-before-RAS 
refresh 
cycle. 


16. In a test mode 
read cycle, 
the value 
of tRAC. 
tAA. ICAC and tACP is delayed 
for 2ns to 5ns for the specified 
value. 
These 
parameleT$ 
should 
be specified 
in test mode 


cycles 
by adding 
the above 
value 
to lhe specified 
value 
in Ihis data sheet. 
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• 
TIMING 
WAVEFORM 


• Read Cycle 


Din 


Dout 


tAC 
IRAS 


IRP 


RSH 


tACO 
tCAS 


tCSH 
ICRP 


lAC 


lRAS 


RSH 


IACO 
ICAS 


ICSH 


• ~ 
: Don' care 


•• 
twCS2:twcs 
(min) 
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lAC 


tRAS 


ICSH 
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Address 


Dout 
'~:Dorl'tcare 


•• Refresh 
Address: 
A().A9 


(AXC-""91 
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~:Don·tcar. 


"we 
:V1H 


WE 


Dout 
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· ~: 
Don' care 


•• 
t'NCS~ twcs 
(min) 
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-1 CBR or RAS only refresh 


-2 rzzn :Don'l care 


-3 Address, Din: Don't care 
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• Test Mode Reset Cycle 


• CAS Before RAS Refresh Cycle 


Note -1 Refresh Acklress AO-A9 (AXO-AX9) 


·2 
~ 
: Don't care 


~HITACHI 
HitachiAmerica, ltd .• 
Hitachi Plaza· 2000 SierraPoint Pkwy.• Brisbane,CA94005-1819. (415)589-8300 
881 


• 
4M DRAM LOW POWER VERSION 


The specification on the low power version is the same as the standard 4 mg DRAM with the exception of the 
following parameters. 


Item 
Conditions 
Spec. 


4M x I 


Type No. 
HM514100UP/LZP 


1M x 4 


Temperature 
- 
0-55°C 


RAS, CAS. WE ;,: Vcc - O.2V 


ICC2 
Other Pin;,: 
Vcc - O.2V or :5 O.2V 
200"A max 
(Standby CMOS Interface) 
(Address and DIN is Stable) 
Dou': High-Z 


tRC = 125"s. tRAS :5 I"s 
Icc10 
V1Lt ;,: Vcc - O.2V, VtL :5 O.2V 
300"A max 
(Standby with CBR Refresh) 
WE and OE = VIH. Address and Di" is Stable 
Dou': High-Z 


Refresh 
128ms 
- 
tREF 
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HM514100LJP/LZP-8/10/12 
Low Power Version 


4,194,304-Word 
x 1-Bit Dynamic Random Access Memory 


• 
DESCRIPTION 


The 
Hitachi 
HM514100 
is a CMOS 
dynamic 
RAM 
organized 


4,194,304 word 
x 1 bit. HM514100 has realized high density, higher 


performance 
and various 
functions 
by employing 
0.8 I'm CMOS 


process 
technology 
and some new CMOS circuit 
design technolo- 


gies. The HM514100 offers Fast Page Mode as a high speed access 
mode. 


Multiplexed 
address input permits the HM514100 to be packaged 


in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 


• 
FEATURES 


• Single 5V (± 
10%) 


• High Speed 


Access Time 
80/100/120ns 
(max.) 


• Low Power Dissipation 


Active Mode 
495/440/385mW 
(max.) 


Standby 
Mode 
11mW (max.) 


• Fast Page Mode Capability 
• 1,024 Refresh Cycles 
(16ms) 


• 3 Variations 
of Refresh 


RAS-Only 
Refresh 


CAS-Before-RAS 
Refresh 


Hidden 
Refresh 


• Test Function 
• Battery Back Up Operation 


Part No. 
Access Time 
Package 


HM514100UP-8 
80ns 
350 mil 20 pin 


HM514100UP-IO 
lOOns 
Plastic SOJ 


HM514100UP-12 
120ns 
(CP-20D) 


HM514100LZP-8 
80ns 
400 mi120 pin 


HM514100LZP-IO 
lOOns 
Plastic ZIP 


HM514100LZP-12 
120ns 
(ZP-20) 


Pin Name 
Function 


Ao - 
AJO 
Address 
Input 


Ao-A9 
Refresh 
Address 
Input 


DIN 
Data-In 


DoUT 
Data-Out 


RAS 
Row Address 
Strobe 


CAS 
Column 
Address 
Strobe 


WE 
Read/Write 
Enable 


Vcc 
Power 
(+5V) 


Vss 
Ground 


(CP-20D) 


HM514100LZP Series 


Din 


WE 
2 
19 Dout 


RAS 
3 
18 CAS 


NC 
4 
17 NC 


A10 
5 
16 A9 


Ao 
6 
18 
15 A8 


Al 
7 
17 
14 A7 


A2 
8 
16 
13 A6 


A3 
9 
15 
12 A5 


Ycc 10 
14 
11 A4 


(Top View) 


HM514100LZP Series 


1 A9 


3 
DoUl 


5 
Din 


7 
RAS 
9 
NC 


11 Ao 


13A2 


15Ycc 


17 As 


19A7 
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Parameter 
Symbol 
Value 
Unit 


Voltage 
on Any 
Pin Relative 
to V 55 
VT 
-1.0 
to +7.0 
V 


Supply 
Voltage 
Relative 
to V 55 
VCC 
-1.0 
to +7.0 
V 


Short 
Circuit 
Output 
Current 
lout 
50 
mA 


Power 
Dissipation 
PT 
1.0 
W 


Operating 
Temperature 
Toor 
o to +70 
°C 


Storage 
Temperature 
TSt2 
-55 
to + 125 
°C 


• 
ELECTRICAL 
CHARACTERISTICS 


• Recommended 
DC Operating 
Conditions 
(Ta = 0 to +70°C) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


Supply 
Voltage 
Vcc 
4.5 
5.0 
5.5 
V 
I 


Input 
High 
Voltage 
VIH 
2.4 
- 
6.5 
V 
I 


Input 
Low 
Voltage 
VIL 
-2.0 
- 
0.8 
V 
I 


HM514100-8 
HM514100-10 
HM514100-J2 
Parameter 
Symbol 
Test Conditions 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Operating Current 
IcCI 
RAS, CAS Cycling tRC = Min. 
- 
90 
- 
80 
- 
70 
mA 
1,2 


lTL 
Interface RAS, CAS = V1H, 
- 
2 
- 
2 
- 
2 
mA 
DOUT= High-Z 


Standby Current 
Ico 
CMOS Interface RAS, CAS and 
WE 
2: Vcc -O.2V or 
:5 0.2V, 
- 
200 
- 
200 
- 
200 
p.A 
Address and 0,": Stable, 
DOUT= High-Z 


RAS-Only 
ICC3 
tRC = Min. 
- 
90 
- 
80 
- 
70 
mA 
2 
Refresh Current 


Standby Current 
Iccs 
RAS = V1H,CAS = VIL' 
- 
5 
- 
5 
- 
5 
mA 
1 
DOUT= Enable 


CAS-Before-RAS 
ICC6 
tRC = Min. 
- 
90 
- 
80 
- 
70 
mA 
Refresh Current 


Fast Page 
ICC7 
tpc = Min. 
- 
90 
- 
80 
- 
70 
mA 
1,3 
Mode Current 


Battery Back Up 
tRC = 125".s, tRAS:5 1 p.s 


Operating Current 
Vcc - 0.2V 
:5 V1H :5 6.5V, 


(Standby with CBR 
IcclO 
OV :5 VIL :5 0.2V, 
- 
300 
- 
300 
- 
300 
p.A 


Refresh) 
WE = V'H' Address and 
0,": Stable, Do", = High-Z 


Input Leakage Current 
III 
OV :5 V'N :5 7V 
-10 
10 
-10 
10 
-10 
10 
p.A 


Output Leakage Current 
lLO 


OV :5 VOUT:5 7V, 
-10 
10 
-10 
10 
-10 
10 
p.A 
DOUT= Disable 


Output High Voltage 
VOH 
High loUT = -5 mA 
2.4 
Vcc 
2.4 
Vcc 
2.4 
Vcc 
V 


Output Low Voltage 
VOL 
Low loUT = 4.2mA 
0 
0.4 
0 
0.4 
0 
0.4 
V 


NOTES: 
I. Ice depends 
on output 
load condition 
when the device is selected, 
Ice max. is specified 
at the output open condition. 


2. Address 
can be changed 
once or less while RAS = V'L. 


3. Address 
can be changed 
once or less while CAS = VtH. 
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Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Input Capacitance 
(Address, 
Data-In) 
CII 
- 
5 
pF 
I 


Input Capacitance 
(Clocks) 
CI2 
- 
7 
pF 
I 


Output Capacitance 
(Data-Out) 
Co 
- 
7 
pF 
1,2 


NOTE: 
1. Capacitance 
measured 
with Boonton 
Meter or effective 
capacitance 
measuring 
method. 


2. CAS = VIH to disable 
DoUl . 


• 
AC CHARACTERISTICS 
(T. = O°C to 70°C, 
Vcc = 5V ± 10%, Vss = OV) (I), (12), (15) 


• Read, Write, Read-Modify-Write 
and Refresh Cycles (Common 
Parameters) 


HM514100-8 
HM514100-10 
HM514100-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Random Read or Write Cycle Time 
tRC 
150 
- 
180 
- 
210 
- 
ns 


RAS Precharge 
Time 
tRP 
60 
- 
70 
- 
80 
- 
ns 


RAS Pulse Width 
tRAS 
80 
1ססoo 
100 
1ססoo 
120 
1ססoo 
ns 


CAS Pulse Width 
teAS 
25 
1ססoo 
25 
1ססoo 
30 
1ססoo 
ns 


Row Address Setup Time 
tASR 
0 
- 
0 
- 
0 
- 
ns 


Row Address 
Hold Time 
tRAH 
12 
- 
15 
- 
15 
- 
ns 


Column Address Setup Time 
tASC 
0 
- 
0 
- 
0 
- 
ns 


Column Address Hold Time 
teAH 
15 
- 
20 
- 
25 
- 
ns 


RAS to CAS Delay Time 
tRCD 
22 
55 
25 
75 
25 
90 
ns 
8 


RAS to Column Address Delay Time 
tRAD 
17 
40 
20 
55 
20 
65 
ns 
9 


RAS Hold Time 
tRSH 
25 
- 
25 
- 
30 
- 
ns 


CAS Hold Time 
teSH 
80 
- 
100 
- 
120 
- 
ns 


CAS to RAS Precharge 
Time 
tCRP 
5 
- 
10 
- 
10 
- 
ns 


Transition Time (Rise and Fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
7 


Refresh Period 
tREF 
- 
128 
- 
128 
- 
128 
ns 


HM514100-8 
HM514100-10 
HM514100-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Access Time from RAS 
tRAC 
- 
80 
- 
100 
- 
120 
ns 
2,3,16 


Access Time from CAS 
teAC 
- 
25 
- 
25 
- 
30 
ns 
3,4,14 


Access Time from Address 
tAA 
- 
40 
- 
45 
- 
55 
ns 
3,5, 
14, 16 


Read Command 
Setup Time 
tRCS 
0 
- 
0 
- 
0 
- 
ns 


Read Command 
Hold Time to CAS 
tRCH 
0 
- 
0 
- 
0 
- 
ns 


Read Command 
Hold Time to RAS 
tRRH 
10 
- 
10 
- 
10 
- 
ns 


Column Address to RAS Lead Time 
tRAL 
40 
- 
45 
- 
55 
- 
ns 


Output Buffer Turn-Off Time 
tOFF 
0 
20 
0 
25 
0 
30 
ns 
6 
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HM5141oo-8 
HM5141oo-10 
HM5141oo-12 
Unit 
Note 
Parameter 
Symbol 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Command 
Setup Time 
twcs 
0 
- 
0 
- 
0 
- 
ns 
10 


Write Command 
Hold Time 
tWCH 
15 
- 
20 
- 
25 
- 
ns 


Write Command 
Pulse Width 
twP 
15 
- 
20 
- 
25 
- 
ns 


Write Command 
to RAS Lead Time 
tRWL 
25 
- 
25 
- 
30 
- 
ns 


Write Command 
to CAS Lead Time 
tewL 
25 
- 
25 
- 
30 
- 
ns 


Data-In Setup Time 
tos 
0 
- 
0 
- 
0 
- 
ns 
II 


Data-In Hold Time 
tOH 
15 
- 
20 
- 
25 
- 
ns 
II 


HM5141oo-8 
HM5141OO-10 
HM5141oo-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read-Modify-Write 
Cycle Time 
tRWC 
180 
- 
210 
- 
245 
- 
ns 
. 


RAS to WE Delay Time 
tRWO 
80 
- 
100 
- 
120 
- 
ns 
10 


CAS to WE Delay Time 
tcwo 
25 
- 
25 
- 
30 
- 
ns 
10 


Column Address to WE Delay Time 
tAWO 
40 
- 
45 
- 
55 
- 
ns 
10 


HM5141oo-8 
HM5141oo-10 
HM5141oo-12 
Unit 
Parameter 
Symbol 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS Setup Ti~ 
tCSR 
10 
- 
10 
- 
10 
- 
ns 
(CAS-Before-RAS 
Refresh Cycle) 


CAS Hold Time 
teHR 
20 
- 
20 
- 
25 
- 
ns 
(CAS-Before-RAS 
Refresh Cycle) 


RAS Precharge 
to CAS Hold Time 
tRPC 
10 
- 
10 
- 
10 
- 
ns 


HM5141OO-8 
HM5141oo-10 
HM5141oo-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Fast Page Mode Cycle Time 
tpc 
55 
- 
55 
- 
65 
- 
ns 


Fast Page Mode CAS Precharge 
Time 
tep 
10 
- 
10 
- 
15 
- 
ns 


Fast Page Mode RAS Pulse Width 
tRASC 
- 
10ססoo 
- 
10ססoo 
- 
10ססoo 
ns 
13 


Access Time from CAS Precharge 
tACP 
- 
50 
- 
50 
- 
60 
ns 
14,16 


RAS Hold Time from CAS Precharge 
tRHCP 
50 
- 
50 
- 
60 
- 
ns 


HM5141OO-8 
HM514100-10 
HM5141oo-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Fast Page Mode Read-Modify-Write 
tpCM 
85 
- 
85 
- 
100 
- 
ns 
Cycle Time 
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HM514100-8 
HM514100-10 
HM514100-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Test Mode WE Setup Time 
tws 
0 
- 
0 
- 
0 
- 
ns 


Test Mode WE Hold Time 
tWH 
20 
- 
20 
- 
20 
- 
ns 


HM514100-8 
HM514100-10 
HM514100-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS Precharge 
Time 


tCPT 
40 
- 
50 
- 
60 
- 
ns 
in Counter Test Cycle 


I. AC measurements 
assume 
tT = 5ns. 


2. Assumes 
that tRCD :S tRCD(max.) 
and tRAD :S tRAD (max.). 
If tRCDor tRAD is greater 
than the maximum 
recommended 
value shown in this table, 
tRACexceeds 
the value shown. 


3. Measured 
with a load circuit 
equivalent 
to 2 TTL loads and lOOpF. 


4. Assumes 
that tRCD ;;,: tRCD(max.), 
tRAD :S tRAD(max.). 


5. Assumes 
that tRCD :S tRCD(max.), 
tRAD ;;,: tRAD(max.). 


6. toFF (max.) 
defines 
the time at which the output achieves 
the open circuit 
condition 
and is not referenced 
to output 
voltage levels. 


7. 
VIH 
(min.) 
and 
VIL 
(max.) 
are reference 
levels for measuring 
timing of input signals. 
Also, transition 
times are 
measured 
between 
V IH and 
V IL. 


8. Operation 
with the tRCD (max.) 
limit insures that tRAC(max.) 
can be met, tRCD(max.) 
is specified 
as a reference 
point only, iftRCD is greater 
than the specified 
tRCD (max.) 
limit, then access time is controlled 
exclusively 
by tCAe. 


9. Operation 
with the tRAD (max.) 
limit insures that tRAC(max.) 
can be met, tRAD(max.) 
is specified 
as a reference 
point only, if tRAD is greater 
than the specified 
tRAD (max.) 
limit, then access time is controlled 
exclusively 
by tAA. 


10. twcs, 
tRWo. leWD and tAwD are not restrictive 
operating 
parameters. 
They are included 
in the data sheet as electrical 
characteristics 
only: if twcs 
;;,: twcs (min.), 
the cycle is an early write cycle and the data out pin will remain open 
circuit 
(high impedance) 
throughout 
the entire cycle; 
iftRWD ;;,: tRwD (min.), 
tcwD ;;,: tcwD (min.) 
and tAwD ;;,: tAwD 
(min.), 
the cycle is a read-modify-write 
and the data output will contain data read from the selected 
cell; if neither 
of 


the above sets of conditions 
is satisfied, 
the condition 
of the data out (at access time) is indeterminate. 


II. 
These parameters 
are referenced 
to CAS leading edge in an early write cycle and to WE leading edge in a delayed 
write or a read-modify-write 
cycle. 


12. An initial pause of 100 fis is required 
after power up followed by a minimum 
of eight initialization 
cycles (RAS-only 
refresh cycle or CAS-before-RAS 
refresh cycle). 
If the internal 
refresh counter 
is used, a minimum 
of eight 


CAS-before-RAS 
refresh cycles 
is required. 


13. tRASCdefines 
RAS pulse width in fast page mode cycles. 


14. Access time is determined 
by the longer of tAA or tCACor tACP. 


15. Test mode operation 
specified 
in this data sheet is 8-bit test function 
controlled 
by control 
address 
bits-RA,O, 
CA,o 
and CAo. This test mode operation 
can be performed 
by WE and CAS before RAS (WCBR) 
refresh 
cycle. 
Refresh 
during test mode operation 
will be performed 
by normal 
read cycles or by WCBR 
refresh 
cycles. 
When the state of 
eight test bits accord each other, the condition 
of the output data is high level. When the state of test bilS do not 
accord, 
the condition 
of the output data is low level. Data output pin is 0001 and data input is D;n. In order to end this 


test mode operation, 
perform 
a RAS only refresh cycle or a CAS before RAS refresh cycle. 


16. In a test mode read cycle, 
the value of tRAC, tAA, tCACand tACP is delayed 
for 2ns to 5ns for the specified 
value. 


These parameters 
sould be specified 
in test mode cycles by adding the above value to the specified 
value in this data 
sheet. 
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RSH 


tCAS 


tCAC 


tAA 


• ~ 
: Don't care 


•• twcs~twcs 
(min) 
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tRC 


tRAS 


tCSH 
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HM514100LJP/LZP-8/10/12 
--------~----------------- 


• RAS-Only 
Refresh Cycle (5) 


•• REFRESH 
ADDRESS: 
AO-M 
(AXO-AX9) 


~HITACHI 
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tCSH 


tRCD 
tpc 


tCAS 
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tCSH 


tRCO 


tpc 


tcp 


~ 
: Don't care 
twcs ~ twcs (min) 
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RAS 
1\ 


IRCD 
ICp 


IPCM 


CAS 
/ 
1\ 


IASR 
IASC 
ICAH 
i 
w 
Row ~ 
Column1 
0'//hCOIUmn2.1~///h< 
ColumnN 
~////~ 


I r 
I 
I 
RWD 
~ 
IAWD 
~ 


.•...ICWL 
I 
IWp 
)1 
ij//////~ 
~=f{t ~~~ 


l~'iS 
I 
lACS 
IDH 
~ 
DH~_ 
rIDS 
IDS--II +- •.. 
1_ --L 


~//~ 
Din2 W 
DnN K'l'//'i 


ICAC 
_ 
ICAC 
I 
1M 
OFF 


ICWD" 
I--- 


~/////////~ 


I 


IOFF 
! 


IACP 


IOFF~1-- 
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"3 
set cycle 
Reset 
Normal 


Cycle *1*3 
mode 


"1 CBR or RAS only refresh 


"2 l'ZZZ;d 
: Don't care 


"3 Address, 
Din: Don't care 


W///////////dff//////////// //////////ff//2 
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HM514400J P/ZP-8/1 0/12 
4 Megabit DRAM 


The Hitachi HM514400 is a CMOS dynamic RAM organized 
1,048,576 


word x 4 bit. HM514400 has realized higher density, higher 
performance 
and various functions by employing 
0.8 I'm CMOS 


process technology 
and some new CMOS circuit design technologies. 
The HM514400 offers Fast Page Mode as a high speed access mode. 


Multiplexed 
address input permits the HM514400 to be packaged in 


standard 2Q-pin plastic SOJ and 20-pin plastic ZIP. 


• 
Single 5V (± 10%) 


• 
High Speed 
Access time 
. 


• 
Low power dissipation 
-Active 
mode 
. 


-Standby 
mode 


• 
Fast page mode capability 


• 
1,024 refresh cycles ..............•....•....•......... 
(16 ms) 


• 
3 variations of refresh 
-RAS 
only refresh 


-CAS 
before RAS refresh 


-Hidden 
Refresh 


• Test Function 


. .. .495mW/440mW/385mW 
(max.) 


..... 
11mW (max.) 


110, 
1 
20 
Vss 


IKh 
2 
19 1,0. 


WE 
3 
18 
lJ03 


RAS 4 
17 CAS 


NJ 
5 
16 OE 


NJ 
6 
15 M 


Al 
7 
14 A7 


A2 
8 
13 IUl 


A3 
9 
12 AS 


Vcc 
10 
11 M 


Part No. 
Access 
Package 
HM514400JP-8 
80ns 
350 mil 20-pin 
HM514400JP-I0 
lOOns 


HM514400JP-12 
120ns 
Plastic SOJ 


80ns 
- 
HM514400ZP-8 
400 mil 20-pin 
HM514400ZP-lO 
lOOns 


HM514400ZP-12 
120ns 
Plastic ZIP 


• HM514100zP s._ 


OE 


1103 
Vss 


110, 


9 RAS 


11 A. 


13A, 


15Vcc 


17 As 


19A7 


Pin Name 
Function 


Ao-A9 
Address Input 


Ao-A9 
Refresh Address Input 


110,-110. 
Data-in/Data-out 


RAS 
Row Address Strobe 


CAS 
Column Address Strobe 


WE 
Read/Write Enable 


OE 
Oulput Enable 


Vcc 
Power (+5V) 


Vss 
Ground 
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Parameter 
Symbol 
Value 
Unit 


Voltage on any Pin 
VT 
-1.0 to +7.0 
V 
Relative to Vss 


Supply Voltage 
Vcc 
-1.0 to +7.0 
V 
Relative to Vss 


Short Circuit Output Current 
loul 
50 
mA 


Power Dissipation 
PT 
1.0 
W 


Operating Temperature 
Topr 
o to +70 
'C 


Storage Temperature 
Tstg 
-55 to + 125 
'C 


• 
ELECTRICAL CHARACTERISTICS 


• Recommended DC Operating Conditions (TA = 0 to +70'C) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


Vss 
0 
0 
0 
V 
Supply Voltage 


Vcc 
4.5 
5.0 
5.5 
V 
I 


Input High Voltage 
VtH 
2.4 
- 
6.5 
V 
I 
I (110 Pin) 
VtL 
-1.0 
- 
0.8 
V 
I 


Input Low Voltage 
I (Others) 
V1L 
-2.0 
0.8 
V 
I 
- 


HM514400-8 
HM514400- 10 
HM514400-12 
Parameter 
Symbol 
Unit 
Test Condition 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


Operating Current 
Icc1 
- 
90 
- 
80 
- 
70 
mA 
RAS, CAS cycling 
1,2 


tRC = min 


TTL Interface 


- 
2 
- 
2 
- 
2 
mA 
RAS, CAS = VIH 
Dou1 = High-Z 


Standby Current 
ICC2 
CMOS Interface RAS, 
- 
I 
- 
I 
- 
I 
mA 
CAS 2: Vcc - 0.2V 
DOU1 = High-Z 


RAS Only Refresh Current 
ICeJ 
- 
90 
- 
80 
- 
70 
mA 
tRC = min 
2 


RAS = V1H 
Standby Current 
Iccs 
- 
5 
- 
5 
- 
5 
mA 
CAS = V1L 
I 
Dou1 = Enable 


CAS Before RAS Refresh Current 
ICC6 
- 
90 
- 
80 
- 
70 
mA 
tRe = min 


Fast Page Mode Current 
ICC? 
- 
90 
- 
80 
- 
70 
mA 
tpc = min 
1,3 


Input Leakage Current 
III 
-10 
10 
-10 
10 
-10 
10 
p.A 
OV s V1N S 7V 


Output Leakage Current 
Iw 
-10 
10 
-10 
10 
-10 
10 
p.A 
OV S VOUTS 7V 
DOUI = Disable 


Output High Voltage 
VOH 
2.4 
VCC 
2.4 
Vcc 
2.4 
Vcc 
V 
High loul = -5mA 


Output Low Voltage 
VOL 
0 
0.4 
0 
0.4 
0 
0.4 
V 
Low lou1 = 4.2mA 


NOTE: 
I. 
Ice 
depends 
on output 
load condition 
when the device 
is selected, 
Ice mu is specified 
at the output open condition. 


2. Address 
can be changed 
once or less while 
RAS 
"'" Vll. 


3. Address can be changed 
once or less while 
CAS"'" 
VIH. 
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Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Input Capacitance (Address) 
CII 
- 
5 
pF 
I 


Input Capacitance (Clocks) 
CI2 
- 
7 
pF 
1 


Outpul Capacitance (Data-in, Data-out) 
CliO 
- 
10 
pF 
1,2 


NOTE: 
I. Capacitance 
measured 
with Boonton 
Meter 
or effective 
capacitance 
measuring 
method. 


2. CAS = VIH to disable 
DoUT . 


• AC Characteristics (T A = 0 to 70·C, 
Vcc = 5V ± 10%, V55 = OV) I, 14, 15, 16 


Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


HM514400-8 
HM514400-10 
HM514400-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Random Read or Write Cycle Time 
tRC 
150 
- 
180 
- 
210 
- 
ns 


RAS Precharge Time 
tRP 
60 
- 
70 
- 
80 
- 
ns 


RAS Pulse Width 
tRAS 
80 
1ססoo 
100 
1ססoo 
120 
1ססoo 
ns 


CAS Pulse Width 
teAS 
25 
1ססoo 
25 
1ססoo 
30 
1ססoo 
ns 


Row Address Set-up Time 
tASR 
0 
- 
0 
- 
0 
- 
ns 


Row Address Hold Time 
tRAH 
12 
- 
15 
- 
15 
- 
ns 


Column Address Set-up Time 
tAsc 
0 
- 
0 
- 
0 
- 
ns 


Column Address Hold Time 
teAH 
15 
- 
20 
- 
25 
- 
ns 


RAS to CAS Delay Time 
tRCO 
22 
55 
25 
75 
25 
90 
ns 
8 


RAS to Column Address Delay Time 
tRAO 
17 
40 
20 
55 
20 
65 
ns 
9 


RAS Hold Time 
tRSH 
25 
- 
25 
- 
30 
- 
ns 


CAS Hold Time 
teSH 
80 
- 
100 
- 
120 
- 
ns 


CAS to RAS Precharge Time 
teRP 
5 
- 
10 
- 
10 
- 
ns 


OE to DIN Delay Time 
1000 
20 
- 
25 
- 
30 
- 
ns 


OE Delay Time From DIN 
tow 
0 
- 
0 
- 
0 
- 
ns 


CAS Set-up Time From DIN 
tozc 
0 
- 
0 
- 
0 
- 
ns 


Transition Time (Rise and Fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
7 


Refresh Period 
tREF 
- 
16 
- 
16 
- 
16 
rns 
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HM5144oo-8 
HM5144oo-10 
HM51400-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Access Time From RAS 
tRAC 
- 
80 
- 
100 
- 
120 
ns 
2,3, 
17 


Access Time From CAS 
leAC 
- 
25 
- 
25 
- 
30 
ns 
3,4, 
13 


Access 
Time 
From 
Address 
tAA 
- 
40 
- 
45 
- 
55 
ns 
3,5, 
13, 16 


Access 
Time 
From 
OE 
tOAC 
- 
25 
- 
25 
- 
30 
ns 


Read Command Set-up Time 
tRCS 
0 
- 
0 
- 
0 
- 
ns 


Read Command Hold Time 10 CAS 
tRCH 
0 
- 
0 
- 
0 
- 
ns 


Read Command Hold Time to RAS 
tRRH 
10 
- 
10 
- 
10 
- 
ns 


Column Address to RAS Lead Time 
tRAL 
40 
- 
45 
- 
55 
- 
ns 


Output Buffer Thrn-off Time 
tOFFI 
0 
20 
0 
25 
0 
30 
ns 
6 


Output Buffer Turn-off to OE 
toFF2 
0 
20 
0 
25 
0 
30 
ns 
6 


CAS to DIN Delay Time 
leoo 
20 
- 
25 
- 
30 
- 
ns 


HM5144oo-8 
HM5144oo-10 
HM5144oo-12 
Parameter 
Symbol 
Unit 
NOle 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Command Sel-up Time 
twcs 
0 
- 
0 
- 
0 
- 
ns 
10 


Write Command 
Hold Time 
tWCH 
15 
- 
20 
- 
25 
- 
ns 


Write Command Pulse Width 
Iwp 
15 
- 
20 
- 
25 
- 
ns 


Write Command to RAS Lead Time 
tRwL 
25 
- 
25 
- 
30 
- 
ns 


Write Command to CAS Lead Time 
tcwL 
25 
- 
25 
- 
30 
- 
ns 


Data-in Sel-up Time 
IDS 
0 
- 
0 
- 
0 
- 
ns 
II 


Data-in Hold Time 
tOH 
15 
- 
20 
- 
25 
- 
ns 
II 


HM5144oo-8 
HM5144oo-10 
HM5144oo-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read-Modify-Wrile 
Cycle Time 
lRWC 
210 
- 
245 
- 
285 
- 
ns 


RAS to WE Delay Time 
tRwD 
110 
- 
135 
- 
160 
- 
ns 
10 


CAS to WE Delay Time 
lewD 
55 
- 
60 
- 
70 
- 
ns 
10 


Column Address to WE Delay Time 
lAWD 
70 
_. 
80 
- 
95 
- 
ns 
10 


OE Hold Time From WE 
toEH 
25 
- 
25 
- 
30 
- 
ns 


HM5144oo-8 
HM514400-10 
HM5144oo-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS Set-up Time 
leSR 
10 
- 
10 
- 
10 
- 
ns 
(CAS Before RAS Refresh Cycle) 


CAS Hold Time 
20 
20 
25 
(CAS Before RAS Refresh Cycle) 
leHR 
- 
- 
- 
ns 


RAS Precharge to CAS Hold Time 
IRPC 
10 
- 
10 
- 
10 
- 
ns 
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HM514400-8 
HM514400-10 
HM514400-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Fasl 
Page 
Mode 
Cycle 
Time 
tpc 
55 
- 
55 
- 
65 
- 
ns 


Fast 
Page 
Mode 
CAS 
Precharge 
Time 
tcp 
10 
- 
10 
- 
15 
- 
ns 


Fast 
Page 
Mode 
RAS 
Pulse 
Width 
tRASC 
- 
10ססoo 
- 
10ססoo 
- 
10ססoo 
ns 
12 


Access Time From CAS Precharge 
IACP 
- 
50 
- 
50 
- 
60 
ns 
13, I7 


RAS 
Hold 
Time 
From 
CAS 
Precharge 
IRHCP 
50 
- 
50 
- 
60 
- 
ns 


Fast 
Page 
Mode 
Read-Modify-Write 


tpcM 
105 
- 
1I0 
- 
130 
- 
ns 
Cycle 
Time 


HM514400-8 
HM514400-10 
HM514400-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Test 
Mode 
WE 
Set-up 
Time 
tws 
0 
- 
0 
- 
0 
- 
ns 


Test 
Mode 
WE 
Hold 
Time 
tWH 
20 
- 
20 
- 
20 
- 
ns 


HM514400-8 
HM514400-10 
HM514400-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS 
Precharge 
Time 
in Counter 


!cPT 
40 
- 
50 
- 
60 
- 
ns 
Test Cycle 


NOTES: 
I. AC measurements 
as~ume IT = 50S. 


2. Assumes that IReD 
~ 'Reo 
(max) 
and IRAD 
::s;IRAD (max). 
If 'Reo 
or IRAD is greater than the maximum 
recommended 
value shown 
in lhis table. 'RAe 
exceeds the 


value shown. 


3. Measured 
with 
a load circuil 
equivalent 
to 2TTL 
loads 
and 
1000E 


4. Assumes 
that 'ReO 
:2: IReD (max) 
and IRAD 
::5 tRAD (mu). 


5. 
Assumes 
that IReD 
SIReD 
(max) 
and IRAD 2: IRAD (max). 


6. t()FF (max) defines 
the lime 
al which 
the output 
achieves 
the open 
circuit 
condition 
and is 001 referenced 
to output 
voltage 
levels. 


7. VIH (Olin) and 
VIL (max) 
are reference 
levels 
for measuring 
liming 
of input 
signals. 
Also. 
lransition 
times 
are measured 
belween 
VIH and 
VIL. 


8. Operation 
wilh 
the tRCD (max) 
limit 
insures 
thattRAc 
(max) 
can be met. 
tRCD (ma:w;) is specified 
as a reference 
poinl 
only, 
if IRCD is greater 
than 
the specified 
tRCD 


(max) 
limit. 
then access 
lime 
i~ controlled 
exclusively 
by tCAC. 


9. Opcmtion 
with 
the IRAD (max) 
limit 
insures 
that tRAC (mu) 
can be met, 
tRAD (max) 
is specified 
as a reference 
point 
only. 
if tRAD is greater 
than 
f?le specified 
tRAD 


(max) 
limit. 
then access 
time 
is controlled 
exclusively 
by fAA. 


10. twcs, 
tRWI). tCWD and tAwD are not restrictive 
operating 
paramelers. 
They 
are included 
in the data sheel 
as electrical 
characteristics 
only: 
if twcs 
>?:: twcs 
(min), 
the 


cycle 
is an early 
write 
cycle 
and the data out pin will 
remain 
open 
circuit 
(high 
impedance) 
throughout 
the entire 
cycle; 
if tRwD 
>?:: tRwD 
(min), 
tcwD 
~ 
tCv. - 
. Tlin} 


and tAWD 
>?:: tAWD (min). 
the cycle 
is a read-modify-write 
and the data 
output 
will contain 
data 
read from 
the selected 
cell; 
if neither 
of the above 
selS ofcondililJns 
is 


satisfied. 
the condition 
of the data 
out (at access 
time) 
is indelerminale. 


II. 
These 
par.urlC:ters 
are referenced 
to CAS 
leading 
edge 
in an early 
write 
cycle 
and to WE 
leading 
edge 
in a delayed 
write 
or a read·modify-write 
cycle. 


12. tRASC defines 
RAS pulse 
width 
in fast page 
mode 
cycles. 


13. Access 
time 
is determined 
by the longer 
OflAA 
or tCAC or tACP- 


14. An initial 
pause 
of 100 J1.S is required 
after 
power 
up followed 
by a minimum 
of eight 
initiali7_:nion 
cycles 
(RAS·only 
refresh 
cycle 
or CAS-before-RAS 
refresh 
cycle). 
If 


the internal 
refresh 
counter 
is used, 
a minimum 
of eighl 
CAS-before-RAS 
refresh 
cycles 
is required. 


15. In delayed 
wrile 
or read-modify-wrife 
cycles, 
OE must 
disable 
output 
buffer 
prior 
fo applying 
data 
to the device. 


16. Tesl mode 
operation 
specified 
in this data 
sheet 
is 8-bittest 
funclion 
controlled 
by control 
address 
bils-CAO. 
This 
test mode 
operalion 
can be performed 
by 


WE-and-CAS-before·RAS 
(WCBR) 
refresh 
cycle. 
Refresh 
during 
tesl mode 
operation 
will be performed 
by normal 
read cycles 
or by WCBR 
refresh 
cycles. 
When 
the 


state 
of eight 
teSI bils accord 
each 
OIher, the condition 
of the oUlpul 
data 
is high 
level. 
When 
.the state 
of test bits do nOl accord. 
the condi~ion 
of the OUlput d~ta 
is low 


level. 
Data 
output 
pin is 1103 and data 
input 
pin is 1102. 
In order 
to end 
this test mode 
operalion, 
perform 
a RAS-only 
refresh 
cycle 
or a CAS-before·RAS 
refresh 


cycle. 


t7. In a lesl mode 
read cycle. 
the value 
of tRAC. 
IAA. Io.-.C and tACP is delayed 
for 2ns to 5ns for the specified 
value. 
These 
paramelers 
should 
be specified 
in le5l mode 


cycles 
by adding 
the above 
value 
10 Ihe specified 
value 
in Ihis data 
sheet. 
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• 


• 
TIMING 
WAVEFORM 


• Read Cycle 


Din 


Dout 


RSH 


tCAS 


ICSH 


tAC 


tRAS 


RSH 


IACO 
tCAS 


tCSH 


IASC 


DE : Don' car• 
• ~ 
: Oon' care 
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• Read-Modify-Write Cycle 


RAS 
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"OE. WE 
Don'tcare 


" ~' 
: Don't care 


"" Refresh Address: NJ-A9 
(AXO-AX9j 


@HITACHI 


Hitachi America, Ltd .• 
Hitachi Plaza· 
2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 


• ~:Oon'tcar. 


··WE 
:VIH 
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·1 
CBR 
or RAS only refresh 


·2 
~ 
: Don't care 


·3 
Address, 
Din, OE : Don'l care 
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• Test Mode Reset Cycle 


CAS Before RAS Refresh Cycle 


Note·1 
Refresh 
Addr ••• 
AO-A9 
(AXO-AX9) 


-2 f'ZZZ.d 
: Don't care 
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• 
4M DRAM LOW POWER VERSION 


The specification on the low power version is the same as the standard 4 mg DRAM with the exception of the 
following parameters. 


Item 
Conditions 
Spec. 


4M x I 


Type No. 
HMSI4100UP/LZP 


1M x 4 


Temperature 
- 
O-SS'C 


RAS. CAS. WE '< Vcc - O.2V 


ICC2 
Other Pin '< VCC- O.2V or :s O.2V 
200~A max 
(Standby CMOS Interface) 
(Address and DIN is Slab!e) 
000,: 
High-Z 


tRC = !2S~s. tRAS :s I~s 
ICCtO 
VILi '< Vcc - O.2V. VIL :s O.2V 
300~A max 
(Standby with CBR Refresh) 
WE and OE = V'H' Address and 0," is Slable 


DoUl: 
High-Z 


Refresh 
128ms 
- 


tREF 
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HM514410JP IZP-8/10/12 
- Preliminary 


1,048,576-Word 
x 4·Bit 
Dynamic 
Random 
Access 
Memory 


• 
DESCRIPTION 


The 
Hitachi 
HM514410 
is a CMOS 
dynamic 
RAM 
organized 
1,048,576 
word 
x 
4 bit. HM514410 
has realized 
higher 
density, 
higher 
performance 
and various 
functions 
by employing 
0.8 
Jtm 
CMOS process technology 
and some new CMOS circuit design tech- 
nologies. 
The HM514410 offers 
Fast Page Mode as a high speed 
access mode. 


Multiplexed 
address input permits the HM514410 to be packaged 


in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 


• 
FEATURES 


• Single 5V (± 
10%) 
• High Speed 
Access Time 
80/100/120ns 
(max.) 
• Low Power Dissipation 


Active Mode 
.495/440/385mW 
(max.) 
Standby 
Mode 
11mW (max.) 
• Fast Page Mode Capability 
• 1,024 Refresh Cycles 
(16ms) 
• 3 Variations 
of Refresh 
RAS-Only 
Refresh 
CAS-Before-RAS 
Refresh 
Hidden 
Refresh 
• Test Function 
• Write Per Bit Capability 


Part No. 
Access Time 
Package 


HM5l44IOJP-8 
80ns 
350 mil 20 pin 


HM5l44IOJP-1O 
lOOns 
Plastic SOl 


HM5l44IOJP-12 
l20ns 
(CP-20D) 


HM5l44IOZP-8 
80ns 
400 mil 20 pin 


HM5l44IOZP-1O 
lOOns 
Plastic ZIP 
HM5l44IOZP-12 
l20ns 
(ZP-20) 


Pin Name 
Function 


Ao - 
A9 
Address Input 


Ao-A9 
Refresh Address Input 


W 1/101-W 4/104 
Write Select/Data-In/Data-Out 


RAS 
Row Address 
Strobe 


CAS 
Column Address 
Strobe 


WB/WE 
Write Per Bit/Write 
Enable 


OE 
Output Enable 


Vcc 
Power (+5V) 


Vss 
Ground 


(CP-20D) 


HM5l4410ZP 
Series 


W2JI02 
2 


WBIWE 
3 


RAS 
4 


A9 
5 


19 W4/104 


18 W3/103 


17 CAS 


16 OE 


Ao 
6 


Al 
7 


A2 
8 


A3 
9 


Vcc10 


15 A8 


14 A7 


13 A6 


12 A5 


11 A4 


(Top View) 


HM5l4410ZP 
Series 


CAS 
2 


W411044 


WI/I016 


WBIWE8 


A9 
10 


Al 
12 


A3 
14 


A4 
16 


A6 
18 


As 
20 


1 OE 


3 
W3II03 


5 
Vss 


7 
W2JI02 


9 
RAS 


11 Ao 


13A2 


15Vcc 


17 As 


19A7 
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Parameter 
Symbol 
Value 
Unit 


Voltage 
on Any 
Pin Relative 
to V SS 
VT 
-1.0 to +7.0 
V 


Supply 
Voltage 
Relative 
to V ss 
Vcc 
-1.0 to + 7.0 
V 


Short 
Circuit 
Output 
Current 
lout 
50 
mA 


Power 
Dissipation 
PT 
1.0 
W 


Operating 
Temperature 
Toor 
o to +70 
°C 


Storage 
Temperature 
Tst• 
-55 to + 125 
°C 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


Vss 
0 
0 
0 
V 
Supply 
Voltage 
Vcc 
4.5 
5.0 
5.5 
V 
I 


Input 
High 
Voltage 
V1H 
2.4 
- 
6.5 
V 
I 


(110 Pin) 
VIL 
-1.0 
- 
0.8 
V 
I 
Input 
Low 
Voltage 


(Others) 
VIL 
-2.0 
0.8 
V 
I 
- 


HM514410-8 
HM514410-10 
HM514410-12 
Parameter 
Symbol 
Test Conditions 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Operating Current 
ICC) 
RAS. CAS Cycling tRC = Min. 
- 
90 
- 
80 
- 
70 
mA 
1.2 


TIL 
Interface RAS, CAS = V,H. 
- 
2 
- 
2 
- 
2 
mA 
DOUT= High-Z 
Standby Current 
ICC2 


CMOS Interface RAS. CAS '" 
- 
1 
- 
I 
- 
I 
mA 
VCC -0.2V, DOUT= High-Z 


RAS-Only 
Icc3 
tRC = Min. 
- 
90 
- 
80 
- 
70 
mA 
2 
Refresh Current 


Standby Current 
Ices 
RAS = V,H, CAS = V,L• 
- 
5 
- 
5 
- 
5 
mA 
I 
DOUT= Enable 


CAS- Before- RAS 
Icc6 
tRC = Min. 
90 
80 
70 
mA 
Refresh Current 
- 
- 
- 


Fast Page 
Icc, 
tpc = Min. 
- 
90 
- 
80 
- 
70 
mA 
1,3 
Mode Current 


Input Leakage Current 
III 
OV S V,N S 7V 
-10 
10 
-10 
10 
-10 
10 
I'A 


Output Leakage Current 
Iw 


OV S VOUTS 7V, 
-10 
10 
-10 
10 
-10 
10 
I'A 
DOUT= Disable 


Output High Voltage 
VOH 
High lOUT= -5 mA 
2.4 
Vcc 
2.4 
Vcc 
2.4 
Vcc 
V 


Output Low Voltage 
VOL 
Low loUT = 4.2mA 
0 
0.4 
0 
0.4 
0 
0.4 
V 


NOTES: 
I. Icc depends 
on output load condition 
when the device is selected, 
Icc max. is specified 
at the output open condition. 


2. Address 
can be changed 
once or less while RAS = Vtt. 


3. Address 
can be changed 
once or less while CAS = VIH. 
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Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Input Capacitance 
(Address) 
CII 
- 
5 
pF 
I 


Input Capacitance 
(Clocks) 
CI2 
- 
7 
pF 
I 


Output Capacitance 
(Data-In, 
Data-Out) 
CliO 
- 
10 
pF 
1,2 


NOTES: 
I. Capacitance 
measured 
with Boonton 
Meter or effective 
capacitance 
measuring 
method. 


2. CAS = VIH to disable 
Doul . 


• 
AC CHARACTERISTICS 
(Ta = O°C to 70°C, 
VCC = 5V ± 10%, VSS = OV) (I), (14), (15), (16) 


• Read, Write, Read-Modify-Write 
and Refresh Cycles (Common 
Parameters) 


HM514410-8 
HM51441O-10 
HM514410-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Random Read or Write Cycle Time 
tRC 
150 
- 
180 
- 
210 
- 
ns 


RAS Precharge 
Time 
tRP 
60 
- 
70 
- 
80 
- 
ns 


RAS Pulse Width 
tRAS 
80 
1ססoo 
100 
1ססoo 
120 
1ססoo 
ns 


CAS Pulse Width 
tCAS 
25 
1ססoo 
25 
1ססoo 
30 
1ססoo 
ns 


Row Address Setup Time 
tASR 
0 
- 
0 
- 
0 
- 
ns 


Row Address Hold Time 
tRAH 
12 
- 
15 
- 
15 
- 
ns 


Column Address Setup Time 
tASC 
0 
- 
0 
- 
0 
- 
ns 


Column Address Hold Time 
!cAH 
15 
- 
20 
- 
25 
- 
ns 


RAS to CAS Delay Time 
tRCD 
22 
55 
25 
75 
25 
90 
ns 
8 


RAS to Column Address Delay Time 
tRAD 
17 
40 
20 
55 
20 
65 
ns 
9 


RAS Hold Time 
tRSH 
25 
- 
25 
- 
30 
- 
ns 


CAS Hold Time 
!cSH 
80 
- 
100 
- 
120 
- 
ns 


CAS to RAS Precharge 
Time 
tCRP 
5 
- 
10 
- 
10 
- 
ns 


OE to DIN Delay Time 
tODD 
20 
- 
25 
- 
30 
- 
ns 


OE Delay Time From DIN 
tDZO 
0 
- 
0 
- 
0 
- 
ns 


CAS Set-up Time From DIN 
tDZC 
0 
- 
0 
- 
0 
- 
ns 


Transition Time (Rise and Fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
7 


Refresh Period 
tREF 
- 
16 
- 
16 
- 
16 
ms 


HM514410-8 
HM514410-10 
HM514410-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Access Time from RAS 
tRAC 
- 
80 
- 
100 
- 
120 
ns 
2,3,17 


Access Time from CAS 
!cAC 
- 
25 
- 
25 
- 
30 
ns 
3,4, 
13, 17 


Access Time from Address 
tAA 
- 
40 
- 
45 
- 
55 
ns 
3,5, 
13, 16, 17 


Access Time from OE 
IoAC 
- 
25 
- 
25 
- 
30 
ns 
17 


Read Command 
Setup Time 
tRCS 
0 
- 
0 
- 
0 
- 
ns 


Read Command 
Hold Time to CAS 
tRCH 
0 
- 
0 
- 
0 
- 
ns 


Read Command 
Hold Time to RAS 
tRRH 
10 
- 
10 
- 
10 
- 
ns 


Column Address to RAS Lead Time 
tRAL 
40 
- 
45 
- 
55 
- 
ns 


Output Buffer Thm-Off 
Time 
IoFFI 
0 
20 
0 
25 
0 
30 
ns 
6 


Output Buffer Turn-Off to OE 
IoFF2 
0 
20 
0 
25 
0 
30 
ns 
6 


CAS to DIN Delay Time 
!coo 
20 
- 
25 
- 
30 
- 
ns 
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HM514410-8 
HM514410-10 
HM514410-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Command 
Setup Time 
twcs 
0 
- 
0 
- 
0 
- 
ns 
10 


Write Command 
Hold Time 
tWCH 
15 
- 
20 
- 
25 
- 
ns 


Write Command 
Pulse Width 
twP 
15 
- 
20 
- 
25 
- 
ns 


Write Command 
to RAS Lead Time 
tRWL 
25 
- 
25 
- 
30 
- 
ns 


Write Command 
to CAS Lead Time 
leWL 
25 
- 
25 
- 
30 
- 
ns 


Data-In Setup Time 
tDS 
0 
- 
0 
- 
0 
- 
ns 
11 


Data-In Hold Time 
tDH 
15 
- 
20 
- 
25 
- 
ns 
11 


HM514410-8 
HM514410-10 
HM514410-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read-Modify-Write 
Cycle Time 
tRwC 
210 
- 
245 
- 
285 
- 
ns 


RAS to WE Delay Time 
tRwD 
110 
- 
135 
- 
160 
- 
ns 
10 


CAS to WE Delay Time 
leWD 
55 
- 
60 
- 
70 
- 
ns 
10 


Column Address to WE Delay Time 
tAWD 
70 
- 
80 
- 
95 
- 
ns 
10 


OE Hold Time From WE 
IoEH 
25 
- 
25 
- 
30 
- 
ns 


HM514410-8 
HM514410-10 
HM514410-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS Setup Ti~ 
leSR 
10 
- 
10 
- 
10 
- 
ns 
(CAS-Before-RAS 
Refresh Cycle) 


CAS Hold Time 
leHR 
20 
20 
25 
(CAS-Before-RAS 
Refresh Cycle) 
- 
- 
- 
ns 


RAS Precharge 
to CAS Hold Time 
tRPC 
10 
- 
10 
- 
10 
- 
ns 


CAS Precharge 
Time (Normal Mode) 
lePN 
10 
- 
10 
- 
15 
- 
ns 


HM514410-8 
HM514410-10 
HM514410-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Fast Page Mode Cycle Time 
tpc 
55 
- 
55 
- 
65 
- 
ns 


Fast Page Mode CAS Precharge 
Time 
lep 
10 
- 
10 
- 
15 
- 
ns 


Fast Page Mode RAS Pulse Width 
tRASC 
- 
10ססoo 
- 
10ססoo 
- 
10ססoo 
ns 
12 


Access Time From CAS Precharge 
tACP 
- 
50 
- 
50 
- 
60 
ns 
13,I7 


RAS Hold Time From CAS Precharge 
tRHCP 
50 
- 
50 
- 
60 
- 
ns 


Fast Page Mode Read-Modify-Write 
tpcM 
105 
- 
110 
- 
130 
- 
ns 
Cycle Time 


CAS Precharge 
to WE Delay Time 
lepw 
80 
- 
85 
- 
100 
- 
ns 


Parameter 
Symbol 
HM514410-8 
HM514410-10 
HM514410-12 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Test Mode WE Setup Time 
tws 
0 
- 
0 
- 
0 
- 
ns 


Test Mode WE Hold Time 
tWH 
20 
- 
20 
- 
20 
- 
ns 
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HM5l4410-8 
HM5l4410-10 
HM5l4410-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS Precharge 
Time 
tePT 
40 
- 
50 
- 
60 
- 
ns 
in Counter Test Cycle 


HM5l4410-8 
HM5l4410-10 
HM5l4410-l2 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Per Bit Setup Time 
tWBS 
0 
- 
0 
- 
0 
- 
ns 


Write Per Bit Hold Time 
tWBH 
12 
- 
15 
- 
15 
- 
ns 


Write Per Bit Selection Setup Time 
tWDS 
0 
- 
0 
- 
0 
- 
ns 


Write Per Bit Selection Hold Time 
tWDH 
12 
- 
15 
- 
15 
- 
ns 


I. AC measurements 
assume 
IT = 5ns. 


2. Assumes 
that tRCD ,; tRCD (max.) 
and tRAD ,; tRAD(max.). 
IftRCD or tRAD is greater 
than the maximum 


recommended 
value shown in this table, tRACexceeds 
the value shown. 


3. Measured 
with a load circuit 
equivalent 
to 2 TIL 
loads and lDOpE 


4. Assumes 
that tRCD ~ tRCD (max.) 
and tRAD ,; tRAD (max.). 


5. Assumes 
that tRCD ,; tRCD (max.) 
and tRAD ~ tRAD(mex.). 


6. toFF (max.) 
defines 
the time at which the output achieves 
the open circuit 
condition 
and is not referenced 
to output 
voltage levels. 


7. VlH (min.) 
and V'L (max.) 
are reference 
levels for measuring 
timing of input signals. 
Also, transition 
times are 
measured 
between 
VIH and VIL. 


8. Operation 
with the tRCD (max.) 
limit insures that tRAC(max.) 
can be met, tRCD (max.) 
is specified 
as a reference 
point only, if tRCDis greater 
than the specified 
tRCD (max.) 
limit, then access time is controlled 
exclusively 
by !cAC. 


9. Operation 
with the tRAD (max.) 
limit insures 
that tRAC (max.) 
can be met, tRAD(max.) 
is specified 
as a reference 
point only, if tRAD is greater 
than the specified 
tRAD(max.) 
limit, then access time is controlled 
exclusively 
by tAA. 


10. twcs, 
tRwD, tcwD and tAwD are not restrictive 
operating 
parameters. 
They are included 
in the data sheet as electrical 
characteristics 
only: if twcs 
~ twcs (min.), 
the cycle is an early write cycle and the data out pin will remain 
open 
circuit 
(high impedance) 
throughout 
the entire cycle; 
if tRWD ~ tRWD(min.), 
!cwo 
~ tCWD(min.) 
and tAWD ~ 
tAWD(min.), 
the cycle is a read-modify-write 
and the data output will contain 
data read from the selected 
cell; if 


neither of the above sets of conditions 
is satisfied, 
the condition 
of the data out (at access time) is indeterminate. 


II. 
These parameters 
are referenced 
to CAS leading 
edge in an early write cycle and to WE leading 
edge in a delayed 
write or a read-modify-write 
cycle. 


12. tRASCdefines 
RAS pulse width in fast page mode cycles. 


13. Access time is determined 
by the longer of tAA or tCACor tAC" 


14. An initial pause of 100 fJ.S is required 
after power up followed by a minimum 
of eight initialization 
cycles (RAS-only 
refresh cycle of CAS-before-RAS 
refresh 
cycle). 
If the internal 
refresh 
counter 
is used, a minimum 
of eight 
CAS-before-RAS 
refresh 
cycles is required. 


15. In delayed write or read-modify-write 
cycles, 
OE must disable 
output buffer prior to applying 
data to the device. 


16. Test mode operation 
specified 
in this data sheet is 8-bit test function 
controlled 
by control 
address 
bits-CAO. 
This 
test mode operation 
can be performed 
by WE-and-CAS-before-RAS 
(WCBR) 
refresh cycle. 
Refresh 
during 
test mode 
operation 
will be performed 
by normal 
read cycles or by WCBR 
refresh 
cycles. 
When the state of eight test bits 
accord each other, the condition 
of the output data is high level. When the state of test bits do not accord, 
the 
condition 
of the output data is low level. Data output pin is 1/03 and data input pin is 1/0:2. In order to end this test 
mode operation, 
perform 
a RAS-only 
refresh 
cycle or a CAS-before-RAS 
refresh 
cycle. 


17. In a test mode read cycle, 
the value of tRAC, !cAC, tAA, toAc and tACP is delayed 
for 2ns to 5ns for the specified 
value. These parameters 
should be specified 
in test mode cycles by adding the above value to the specified 
value in 


this data sheet. 


18. When using the write-per-bit 
capability, 
WB/WE 
must be low as RAS falls. 


19. The data bits to which the write operation 
is applied 
can be specified 
by keeping 
WI/IO" 
W2/10:2, W3/103 and W41 


104 high with setup and hold time referenced 
to the RAS negative 
transition. 
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HM514410JP/ZP-8/10/12 


• 
TIMING 
WAVEFORMS 


• Read Cycle 
(1) 


IRC 


RAS 
lRAS 


IT 


IRCD 
ICRP 


CAS 


IRAD 
IRAL 


IRAH 


Address 


-- 
WB,WE 
ICAC 
lAA 
wrr 


m 
Hi-Z 


IRAC 
IDZC 


W4/104 
Hi-Z 
Din 


IDZO 


OE 
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tRC 


RAS 


tRAS 


tRCD 
tCAS 
tCSH 


CAS 


W1/101 [Din 


W4JI04 
Dout 


• OE 
: Don't care 


• ~ 
: Don't care 
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W'r'[Din 


W4/104 
Dout 


tRSH 


teAs 


@HITACHI 


918 
Hitachi America, Ltd.• 
Hitachi Plaza' 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819' 
(415) 589-8300 


W1/101 [Din 


WJ04 
Dout 
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Address 


W1/101 
Dout 
I 
W4/104 


•• OE, WE 
: Don't care 


• ~ 
: Don't care 


•• REFRESH 
ADDRESS: 
AO-A9 


(AXO-AX9) 


W1/ 


1 


101 [DOUI 


W4/104 
Din 
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W1/101 
Dout 


I 
W4/104 
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• 


IRHCP 


lASH 
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W1/101 [Din 


WJ04 
Dout 


tCSH 


tRcD 


tpc 


tcp 
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Wr01 [Din 


W4/104 
Dout 


~HITACHI 
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W1r' [DOUI 


W4/104 
Din 
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"3 
set cycle 


Reset 
Normal 
Cycle "1"3 
mode 


"1 CBR or RAS only refresh 


"2 rzzn :Don't care 


"3 
Address, 
Din, DE : Don't care 


W1/101 Dout 
I 
W4/104 
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W11101 
Dout 


I 
W41104 


W1/101 
Dout 


I 
W4/104 
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OE 
~# 
Don'lcara ~/? 
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HM514400LJP/LZP-8/10/12 
Low Power Version 


1,048,576-Word 
x 4-Bit Dynamic Random Access Memory 


• 
DESCRIPTION 


The 
Hitachi 
HM514400 
is a CMOS 
dynamic 
RAM 
organized 


1,048,576 
word 
x 
4 bit. HM514400 
has realized 
higher 
density, 
higher 
performance 
and various 
functions 
by employing 
0.8 
/Lm 


CMOS process technology 
and some new CMOS circuit design tech- 


nologies. 
The HM514400 
offers Fast Page Mode as a high speed 


access mode. 


Multiplexed 
address input permits the HM514400 to be packaged 


in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 


• 
FEATURES 


• Single 5V (± 
10%) 
• High Speed 
Access Time .........•............. 
80/100/120ns 
(max.) 
• Low Power Dissipation 
Active Mode 
.495/440/385mW 
(max.) 


Standby 
Mode 
11mW (max.) 
• Fast Page Mode Capability 
• 1,024 Refresh Cycles 
(16ms) 
• 3 Variations 
of Refresh 
RAS-Only 
Refresh 
CAS-Before·RAS 
Refresh 


Hidden 
Refresh 
• Test Function 
• Battery Back Up Operation 


Part No. 
Access Time 
Package 


HM514400UP·8 
80ns 
350 mil 20 pin 


HM514400Up·10 
lOOns 
Plastic SO] 
HM514400UP-12 
120ns 
(CP-20D) 


HM514400LZp·8 
80ns 
400 mil 20 pin 
HM514400LZP-1O 
lOOns 
Plastic ZIP 


HM514400LZP-12 
120ns 
(ZP-20) 


Pin Name 
Function 


Ao - 
A9 
Address Input 


Ao - 
A9 
Refresh Address Input 


I101-I104 
Data-In/Data-Out 


RAS 
Row Address Strobe 


CAS 
Column Address Strobe 


WE 
Read/Write 
Enable 


OE 
Output Enable 


Vcc 
Power (+5V) 


Vss 
Ground 


(CP-20D) 


HM514400LZP 
Series 


1101 


1/02 
2 
19 1104 


WE 
3 
18 1103 


RAS 
4 
17 CAS 


A9 
5 
16 OE 


Ao 
6 
18 
15 A8 


A1 
7 
17 
14 A7 


A2 
8 
16 
13 AS 


A3 
9 
15 
12 A5 


Vccl0 
14 
11 A4 


(Top View) 


HM514400LZP 
Series 


CAS 
2 


1104 
4 


VOl 
6 


WE 
8 


A9 
10 


A1 
12 


A3 
14 


A4 
16 


As 
18 


As 
20 


1 OE 


3 
1/03 


5 
Vss 


7 
1/02 


9 
RAS 


11 Ao 


13A2 


15Vcc 


17 As 


19A7 
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Parameter 
Symbol 
Value 
Unit 


Voltage 
on Any 
Pin Relative 
to V SS 
VT 
-1.0 
to +7.0 
V 


Supply 
Voltage 
Relative 
to V SS 
VCC 
-1.0 
to +7.0 
V 


Short 
Circuit 
Output 
Current 
lout 
50 
mA 


Power 
Dissipation 
PT 
1.0 
W 


Operating 
Temperature 
Topr 
o to +70 
°C 


Storage 
Temperature 
TSt2 
-55 
to + 125 
°C 


• 
ELECTRICAL 
CHARACTERISTICS 


• Recommended 
DC Operating 
Conditions 
(Ta = 0 to + 70°C) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


Vss 
0 
0 
0 
V 
Supply 
Voltage 
Vcc 
4.5 
5.0 
5.5 
V 
I 


Input 
High 
Voltage 
VIH 
2.4 
- 
6.5 
V 
I 
I (I/O 
Pin) 
VIL 
-1.0 
- 
0.8 
V 
I 
Input 
Low 
Voltage 
I (Others) 
VIL 
-2.0 
0.8 
V 
I 
- 


HM514400-8 
HM514400-10 
HM514400-12 
Parameter 
Symbol 
Test Conditions 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Operating Current 
IcCi 
RAS, CAS Cycling tRC = Min. 
- 
90 
- 
80 
- 
70 
mA 
1,2 


TIL 
Interface RAS, CAS = VIH' 
- 
2 
- 
2 
- 
2 
mA 
DOUT= High-Z 


Standby Current 
ICC2 
CMOS Interface RAS, CAS and 
WE 2: Vcc "'{).2V or s 0.2V, 
- 
200 
- 
200 
- 
200 
)LA 
Address and D,": Stable, 
DOUT= High-Z 


RAS-Only 
ICC3 
tRe = Min. 
- 
90 
- 
80 
- 
70 
mA 
2 
Refresh Current 


Standby Current 
Iccs 


RAS = V1H,CAS = V1L, 
- 
5 
- 
5 
- 
5 
mA 
I 
DOUT= Enable 


CAS-Before-RAS 
IcC6 
tRe = Min. 
90 
80 
70 
mA 
Refresh Current 
- 
- 
- 


Fast Page 
IcC1 
tpc = Min. 
- 
90 
- 
80 
- 
70 
mA 
1,3 
Mode Current 


Battery Back Up 
tRC= 125 p.s, tRASS 1 p.s 


Operating Current 
VCC- 0.2V 
S V1H S 6.5V, 


(Standby with CBR 
ICCtO 
OV S Vu-s 
0.2V, 
- 
300 
- 
300 
- 
300 
)LA 


Refresh) 
WE and OE = VIH' Address and 
D;": Stable, Do", = High-Z 


Input Leakage Current 
ILl 
OV S V1N S 7V 
-10 
10 
-10 
10 
-10 
10 
)LA 


Output Leakage Current 
ILO 
OV S VOUTS 7V, 
-10 
10 
-10 
10 
-10 
10 
)LA 
DOUT= Disable 


Output High Voltage 
VOH 
High lOUT= -5 mA 
2.4 
Vcc 
2.4 
Vcc 
2.4 
Vcc 
V 


Output Low Voltage 
VOL 
Low loUT = 4.2mA 
0 
0.4 
0 
0.4 
0 
0.4 
V 


NOTES: 
I. Icc depends 
on output 
load condition 
when the device is selected, 
Ice max. is specified 
at the output open condition. 


2. Address 
can be changed 
once or less while RAS = VIL. 


3. Address 
can be changed 
once or less while CAS = VIH. 
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Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Input Capacitance 
(Address) 
CI1 
- 
5 
pF 
I 


Input Capacitance 
(Clocks) 
C12 
- 
7 
pF 
I 


Output Capacitance 
(Data-In, 
Data-Out) 
CliO 
- 
10 
pF 
1,2 


NOTES: 
I. Capacitance 
measured 
with Boonton 
Meter or effective 
capacitance 
measuring 
method. 


2. CAS = VIH to disable 
D001 . 


• 
AC CHARACTERISTICS 
(Ta = O°C to 70°C, 
VCC = 5V ± 10%, VSS = OV) (I), (14), (15), (16) 


• Read, Write, Read-Modify-Write 
and Refresh Cycles (Common 
Parameters) 


HM5144oo-8 
HM5144oo-10 
HM5144oo-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Random Read or Write Cycle Time 
tRC 
150 
- 
180 
- 
210 
- 
ns 


RAS Precharge 
Time 
tRP 
60 
- 
70 
- 
80 
- 
ns 


RAS Pulse Width 
tRAS 
80 
1ססoo 
100 
1ססoo 
120 
1ססoo 
ns 


CAS Pulse Width 
teAS 
25 
1ססoo 
25 
1ססoo 
30 
1ססoo 
ns 


Row Address Setup Time 
tASR 
0 
- 
0 
- 
0 
- 
ns 


Row Address Hold Time 
tRAH 
12 
- 
15 
- 
15 
- 
ns 


Column Address Setup Time 
tASC 
0 
- 
0 
- 
0 
- 
ns 


Column Address Hold Time 
teAH 
15 
- 
20 
- 
25 
- 
ns 


RAS to CAS Delay Time 
tRCD 
22 
55 
25 
75 
25 
90 
ns 
8 


RAS to Column Address Delay Time 
tRAD 
17 
40 
20 
55 
20 
65 
ns 
9 


RAS Hold Time 
tRSH 
25 
- 
25 
- 
30 
- 
ns 


CAS Hold Time 
teSH 
80 
- 
100 
- 
120 
- 
ns 


CAS to RAS Precharge 
Time 
teRP 
5 
- 
10 
- 
10 
- 
ns 


OE to DIN Delay Time 
toDD 
20 
- 
25 
- 
30 
- 
ns 


OE Delay Time From DIN 
tDZO 
0 
- 
0 
- 
0 
- 
ns 


CAS Set-up Time From DIN 
tDZC 
0 
- 
0 
- 
0 
- 
ns 


Transition 
Time (Rise and Fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
7 


Refresh Period 
tREF 
- 
128 
- 
128 
- 
128 
ms 


HM514400-8 
HM5l44oo-10 
HM5144oo-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Access Time from RAS 
tRAC 
- 
80 
- 
100 
- 
120 
ns 
2,3,17 


Access Time from CAS 
teAC 
- 
25 
- 
25 
- 
30 
ns 
3,4, 
13, 17 


Access Time from Address 
tAA 
- 
40 
- 
45 
- 
55 
ns 
3,5, 
13, 16, 17 


Access Time from OE 
toAC 
- 
25 
- 
25 
- 
30 
ns 


Read Command 
Setup Time 
tRCS 
0 
- 
0 
- 
0 
- 
ns 


Read Command 
Hold Time to CAS 
tRCH 
0 
- 
0 
- 
0 
- 
ns 
18 


Read Command 
Hold Time to RAS 
tRRH 
10 
- 
10 
- 
10 
- 
ns 
18 


Column Address to RAS Lead Time 
tRAL 
40 
- 
45 
- 
55 
- 
ns 


Output Buffer Thrn-Off Time 
toFFI 
0 
20 
0 
25 
0 
30 
ns 
6 


Output Buffer Turn-Off to OE 
toFF2 
0 
20 
0 
25 
0 
30 
ns 
6 


CAS to DIN Delay Time 
teDD 
20 
- 
25 
- 
30 
- 
ns 
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HM514400-8 
HM514400-10 
HM514400-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Command 
Setup Time 
twcs 
0 
- 
0 
- 
0 
- 
ns 
10 


Write Command 
Hold Time 
tWCH 
15 
- 
20 
- 
25 
- 
ns 


Write Command 
Pulse Width 
twP 
15 
- 
20 
- 
25 
- 
ns 


Write Command 
to RAS Lead Time 
tRwL 
25 
- 
25 
- 
30 
- 
ns 


Write Command 
to CAS Lead Time 
tewL 
25 
- 
25 
- 
30 
- 
ns 


Data-In Setup Time 
tos 
0 
- 
0 
- 
0 
- 
ns 
11 


Data-In Hold Time 
tOH 
15 
- 
20 
- 
25 
- 
ns 
11 


HM514400-8 
HM514400-10 
HM514400-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Read-Modify-Write 
Cycle Time 
tRwC 
210 
- 
245 
- 
285 
- 
ns 


RAS to WE Delay Time 
tRwO 
110 
- 
135 
- 
160 
- 
ns 
10 


CAS to WE Delay Time 
lewD 
55 
- 
60 
- 
70 
- 
ns 
10 


Column Address to WE Delay Time 
tAWO 
70 
- 
80 
- 
95 
- 
ns 
10 


OE Hold Time From WE 
IoEH 
25 
- 
25 
- 
30 
- 
ns 


HM514400-8 
HM514400-10 
HM514400-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS Setup Ti~ 
leSR 
10 
- 
10 
- 
10 
- 
ns 
(CAS-Before-RAS 
Refresh Cycle) 


CAS Hold Time 
leHR 
20 
20 
25 
(CAS-Before-RAS 
Refresh Cycle) 
- 
- 
- 
ns 


RAS Precharge 
to CAS Hold Time 
tRPC 
10 
- 
10 
- 
10 
- 
ns 


HM514400-8 
HM514400-10 
HM514400-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Fast Page Mode Cycle Time 
tpc 
55 
- 
55 
- 
65 
- 
ns 


Fast Page Mode CAS Precharge 
Time 
lep 
10 
- 
10 
- 
15 
- 
ns 


Fast Page Mode RAS Pulse Width 
tRASC 
- 
10ססoo 
- 
10ססoo 
- 
10ססoo 
ns 
12 


Access Time From CAS Precharge 
tACP 
- 
50 
- 
50 
- 
60 
ns 
13,17 


RAS Hold Time From CAS Precharge 
tRHCP 
50 
- 
50 
- 
60 
- 
ns 


Fast Page Mode Read-Modify-Write 


tpCM 
105 
- 
110 
- 
130 
- 
ns 
Cycle Time 


Parameter 
HM514400-8 
HM514400-10 
HM514400-12 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Test Mode WE Setup Time 
tws 
0 
- 
0 
- 
0 
- 
ns 


Test Mode WE Hold Time 
tWH 
20 
- 
20 
- 
20 
- 
ns 
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HM514400-8 
HM514400-10 
HM514400-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS Precharge 
Time 
tePT 
40 
- 
50 
- 
60 
- 
ns 
in Counter Test Cycle 


I. AC measurements 
assume 
tT = 5ns. 


2. Assumes 
that tRCD :5 tRCD (max.) 
and tRAD :5 tRAD (max.). 
If tRCD or tRAD is greater 
than the maximum 
recommended 
value shown in this table, tRACexceeds 
the value shown. 


3. Measured 
with a load circuit equivalent 
to 2 TIL 
loads and lOOpF. 


4. Assumes 
that tRCD ;;,; tRCD (max.) 
and tRAD :5 tRAD(max.). 


5. Assumes 
that tRCD :5 tRCD (max.) 
and tRAD ;;,; tRAD(max.). 


6. toFF (max.) 
defines the time at which the output 
achieves the open circuit condition 
and is not referenced 
to output 
voltage levels. 


7. VIH (min.) 
and VIL (max.) 
are reference 
levels for measuring 
timing of input signals. 
Also, transition 
times are 


measured 
between 
VlH and VIL. 


8. Operation 
with the tRCD (max.) 
limit insures 
that tRAC (max.) 
can be met, tRCD (max.) 
is specified 
as a reference 


point only, if tRCD is greater 
than the specified 
tRCD (max.) 
limit, then access time is controlled 
exclusively 
by !cAe. 


9. Operation 
with the tRAD(max.) 
limit insures 
that tRAC (max.) 
can be met, tRAD (max.) 
is specified 
as a reference 


point only, if tRADis greater 
than the specified 
tRAD (max.) 
limit, then access time is controlled 
exclusively 
by tAA. 


10. twcs, 
tRWD, tCWDand tAWDare not restrictive 
operating 
parameters. 
They are included 
in the data sheet as electrical 
characteristics 
only: if twcs 
;;,; twcs (min.), 
the cycle is an early write cycle and the data out pin will remain open 


circuit 
(high impedance) 
throughout 
the entire cycle; 
iftRWD ;;,; tRWD(min.), 
tCWD ;;,; !cWD (min.) 
and tAWD ;;,; 
tAwD (min.), 
the cycle is a read-modify-write 
and the data output 
will contain 
data read from the selected 
cell; if 


neither of the above sets of conditions 
is satisfied, 
the condition 
of the data out (at access time) is indeterminate. 


II. 
These parameters 
are referenced 
to CAS leading 
edge in an early write cycle and to WE leading 
edge in a delayed 


write or a read-modify-write 
cycle. 


12. tRASCdefines 
RAS pulse width in fast page mode cycles. 


13. Access time is determined 
by the longer of tAA or !cAC or tACP. 


14. An initial pause of 100 p.s is required 
after power up followed by a minimum 
of eight initialization 
cycles (RAS-only 


refresh 
cycle of CAS-before-RAS 
refresh cycle). 
If the internal 
refresh 
counter 
is used, a minimum 
of eight 
CAS-before-RAS 
refresh cycles 
is required. 


15. In delayed write or read-modify-write 
cycles, 
OE must disable 
output buffer prior to applying 
data to the device. 


16. Test mode operation 
specified 
in this data sheet is 8-bit test function 
controlled 
by control 
address 
bits-CAn. 
This 


test mode operation 
can be performed 
by WE-and-CAS-before-RAS 
(WCBR) 
refresh 
cycle. 
Refresh 
during 
test mode 


operation 
will be performed 
by normal 
read cycles or by WCBR 
refresh cycles. 
When the state of eight test bits 


accord 
each other, the condition 
of the output data is high level. When the stale oftest 
bits do not accord, 
the 
condition 
of the output data is low level. Data output pin is 1/03 and data input pin is 1/02. In order to end this test 


mode operation, 
perform 
a RAS-only 
refresh 
cycle or a CAS-before-RAS 
refresh 
cycle. 


17. In a test mode read cycle, the value of tRAC, tAA, toAc and tACP is delayed for 2ns to 5ns for the specified 
value. 


These parameters 
should be specified 
in test mode cycles by adding the above value to the specified 
value in this data 
sheet. 
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tRSH 


ICAS 


Din 


Hi-Z 


OE 
: Don'l care 


• ~ 
: Don'l care 


~HITACHI 


Hitachi America, Ltd.• 
Hitachi Plaza· 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 
937 


IRSH 


ICAS 
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WE 


tRAC 


tozc 


Din 
Hi-Z 


Hi-Z 


Dout 


tOAC 


tOEH 


OE 
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Address 


Dout 


•• DE. WE : Don't care 


• ~ 
: Don't care 


•• REFRESH ADDRESS: AO-A9 
(AXO-AX9) 
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WE 


tRAC 


Dout 
tozc 
Do t 


tOFF2 


Din 


OE 
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: Don't care 


: VIH 
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IRHCP 


lASH 
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tCSH 


tRCD 


tpc 


tcp 


tRP 


tCRP 


* DE 
: Don't care 


* ~ 
: Don't care 
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tCSH 


tRCD 


tRSH 


tCAS 
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• 
~ 
Don't care 
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*3 
set cycle 
Reset 
Normal 


Cycle *1*3 
mode 


*1 CBR or RAS only refresh 


*2 rzzn :Don't care 


*3 Address, 
Din, DE : Don't care 
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WB/WE 
t 
OH 


tOFF! 


Din 
tRAC 


Dout 
Hi-Z 


tOAC 


tROH 


Dout 
tOEP 
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Section 6 
MOS Dynamic RAM Module 


~HITACHI® 


HB561003 Series 


The 
HB561003 
is a 2.25M 
dynamic 
random-access memory 
module 
organized 
as 262,144 
x 9 bits 
[bit 
nine 
(PO, PO) is generally 
used for 
parity 
and is controlled 
by PCAS) 
in a 3D-pin single in-line package comprising 


nine 
HM50256CP, 
262,144 
x 
1-bit 
dynamic 
RAMs 
in 18-pin 
Plastic 
leaded 
Chip 
Carrier 
mounted 
on a 


substrate together 
with decoupling 
capacitors. 


-FEATURES 


• 
262,144 
words x 9 bits Organization 


• 
Industry 
standard 3D-pin Single In-line Package Memory 
Module 


• 
Single 5V (±10%) 


• 
Utilizes 
nine 256K 
Dynamic 
RAMs in PlCC 
(HM50256CP) 


• 
HB561oo3 
operates as nine HM50256CPs 
as shown in the functional 
block diagram. 


• 
low 
Power: 
Operating: 
2, 160mW typo (tRC = 260ns) 
Standby: 
135mW typo 


Access Time 
Access Time 
Read or Write 


from RAS (max) 
from CAS (max) 
Cycle (min) 


HB561003AR/B·12 
120ns 
60n5 
220n5 


HB561003AR/B·15 
150n5 
75n5 
260n5 


• 
Page mode capability 


• 
TTl 
compatible 


• 
256 refresh cycles/4ms 


• 
3 variations 
of refresh 


"RAS-only refresh 
C"AS-before-"RAS refresh 


Hidden refresh 
• 
Operating 
Ambient 
Air Temperature: 
OOCto +70°C 


• 
HB561oo3AR 
is leaded tYpe 


• 
HB561oo3B 
is leadless type (socket type) 


000000000 


=aa~§§E§§~~~~;~~~~;§~§8~~~§~~8 
~~~~~~~~3~~~~~~~~~~~~~~~~~~15~~ 


(Side 
View) 
"- 


Notes: 
1. 
HB561003B's 
pin arrangement 
is same as HD561003AR's. 
2. 
Common 
CAS control 
for eight 
common 
Data-In 
and Data-Out 


lines. 


3. 
Separate 
PeAS 
control 
for 
one 
separate 
pair 
of 
Data-In 
and 


Data-Out 
lines. 


4. 
The 
common 
I/O 
feature 
dictates 
the 
use of only 
early 
write 
operations 
to prevent 
contention 
on Din and Dout. 


AO-A8 
Address 
Inputs 


CAS. PeAS 
Column Address 
Strobes 


DQO-DQ7 
Data In/Data 
Out 


PD 
Data In 


NC 
N a Connection 


PQ 
Data Out 


RAS 
Row Address 
Strobes 


WE 
Write Enable 


Vcc 
+5V Supply 


Vss 
Ground 
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*e,---*e, 
T 


(91 


(22) 


-ABSOLUTE 
MAXIMUM 
RATINGS 
Voltage on any pin relative to Vss: -lV 
to +7V 
Operating temperature, 
T. (Ambient): OoCto +70oC 
Storage temperature 
(Ambient): -SSoC to +12SoC 
Power dissipation: 9W 
Short circuit output current: SOmA 


Parameter 
Symbol 
min. 
typo 
max. 
Unit 
Notes 


Supply Voltage 
Vcc 
4.5 
5.0 
5,5 
V 
I 


Input High Voltage 
V,H 
2,4 
- 
6.5 
V 
I 


Input Low Voltage 
Va 
-1.0 
- 
0.8 
V 
I 
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H8581003 Seri•• ------------------------------- 


.DCELECTRlCALCHARACTERlSTICS 
(Ta=O 
to +70·C, Vcc=5V±IO%, 
Vss=OV) 


Parameter 
Test Conditions 
Symbol 
min. 
max. 
Unit 
Notes 


Operating 
current 
RAS, CAS-cycle 


tRc=min 
IRe = 260ns 
feCi 
- 
630 
mA 
I 
IRC=220ns 
747 


Standby 
current 
RAS- 
VIH. Do•• -High 
Z 
fcn 
- 
40 
mA 


Refresh current 
RAS only refresh 


tRc=min 
IRC =26Ons 
len 
- 
477 
mA 
IRC = 220ns 
558 


Standby 
current 
RAS= 
V,H. Do., =enable 
lcn 
- 
90 
mA 
I 


Refresh 
current 
CAS before 
RAS refresh 
tRc=min 
IRc=260ns 
Ice. 
- 
522 
mA 


IRC = 220ns 
621 


Page made supply 
RAS = VIL, CAS=cycie. 
ICCl 
- 
mA 


current 
tpc=min 
Ipe= 
145ns 
432 
Ipc=120ns 
513 


Input leakage 
0< 
V •• <7V 
ILl 
-10 
10 
"A 


Output leakage 
0< 
V•• , <7V. 
Do•• =disable 
Iw 
-10 
10 
"A 


Output levels 
High ([n' = - SmA) 
VOH 
2.4 
Vcc 
V 


Low (I••, = 4.2mA) 
VOl. 
0 
0.4 
V 


Parameter 
Symbol 
typo 
max. 
Unit 
Notes 


Address 
CII 
- 
60 
pF 
2 


Clocks 
CI2 
- 
75 
pF 
2,3 


DQ 
ClIO 
- 
17 
pF 
2,3 


PQ 
0> 
- 
12 
pF 
2,3 


PO 
C" 
- 
10 
pF 
2 


Notes: 
I. Ice depends 
on output 
loading 
condition 
when 
the device 
is selected, Ice max is specified 
at the output 
open 
condition. 


2. 
~citance 
measured 
with 
Boonton 
Meter 
or effective 
capacitance 
measuring 
method. 
3. 
CAS = VIH to disable Dour . 


• AC CHARACTERISTICS 


Refer to the HM50256CP data sheet. 
The HB561003 
writes data only in early write cycle (twcs ~ 


twcs (min)). 
Delayed write cycle is not available because of I/O 


common. 
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.PACKAGE 
OUTLINE 


• HB561003AR Series 
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• 


HB561409 Series 


The HB561409 
is a 256k x 9 dynamic 
RAM module, mounted 


9 
pieces 
of 
256k·bit 
DRAM 
(HM51256CP) 
sealed in 
PLCC 


package. 
An 
outline 
of 
the 
HB561409 
is 30-pin single in-line 


package having two 
types; Lead type (HB561409A) 
and Socket 


type 
(HB561409B). 
Therefore, 
the 
HB561409 
makes 
high 


density mounting 
possible without 
surface mount technology. 


The HB561409 
provides common data input and output, 
and also 


provides separate I/O on parity 
bit for parity 
check. 
Its module 


board has decoupling capacitors to reduce noise. 


Features 


• 
262,144 words x 9 bits organization 


• 
Industry 
standard 3D-pin Single In-line Package Memory Module 


• 
Single 5V (±10%) 


• 
Utilizes nine 256K Dynamic RAMs in PLCC (HM51256CP) 


• 
HB561409A/B 
operates as nine HM51256CPs as shown in the 


functional 
block diagram 


• 
Low Power: 
Operating 
1,800mW (typ) 
(tRC = 180ns) 
Standby 
60mW (typ) 


• 
High speed: 
Access time from RAS (max) = lOOns 
Access time from address (max) = 55ns 
Read or write cycle (min) = 180ns 


• 
High speed page mode capability 
(tpc 
= 65ns) 


• 
TTL compatible 
• 
256 refresh cycles/4ms 
• 
3 variations of refresh 


RAS-only 
refresh 


CAS"-before-RAS refresh 


Hidden refresh 


• 
Operating Ambient 
Air Temperature 
..... 
O°C to +70°C. 


000000000 


~OO'--NC"'}~N""L(')C'?(Ot--..,.coUU~C-t1 
~l.Out--~lt/)o 
u 
~~g«g«~g«g«g<zzQI~~gzg~I~~~~~ 
(Side 
View) 


Notes: 
1. 
HB561409B's 
pin arrangement 
is same as HB561409A's. 
2. 
Common 
CAS 
control 
for 
eight 
common 
Data-In 
and 
Data- 


Out 
lines. 
3. 
Separate 
PCAS 
control 
for 
one 
separate 
pair 
of 
Data-In 
and 


Data-Outlines. 
4. 
The 
common 
I/O 
feature 
dictates 
the 
use of only 
early 
write 
operations 
to prevent 
contention 
on Din and Doul. 


Access 
Time 


30-pin SIP 
Lead Type 


3D-pin SIMM 
Socket Type 


Pin Description 


AD·A8 
Address 
Inputs 


CAS. PCAS 
Column 
Address 
Strobe 


DQO·DQ7 
Data 
In/Data 
Out 


PD 
Data 
In 


NC 
No Connection 


PQ 
Data 
Out 


RAS 
Row Address 
Strobe 


Vcc 
+5V 
Supply 


Vss 
Ground 


WE 
Write 
Enable 
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AO 
4 
I 


Al 
A2 
A3 
A< 
AS 
A6 
A7 
Aa 


~---y----- 
-.-s------- 
~ 
1121 
~E 


(27 
I, 


-(21 l 


9 
MI 
9 
MS 


~ 


AO-A8 
~ 
AO-Aa 
HAS 
i--l> HAS 
-;:: 
CAS 
CAS 


3' 
WE 
WE 


Din 
Dou' 
lDQ<·16 


1 
Din 
Dout n 
I 
V" 
V,u 
I 
Vcr 
Vu 


9 
I M2 I 
9 
I M6 I 
~ 
AO-Aa 
~ 
AO-Aa 
HAS 
f- 
HAS 
CAS 
CAS 


6, 
WE 
WE 
Din 
Dout 
lDQS·20 


1 
I 
D;n 
Do., n 


I 
Vcr 
v.~s 
Vcr 
Vu 


~ 
I M3 I 
9 
I M7 I 


AO-Aa 


f-~ 


AO-Aa 
-;:: 
HAS 
HAS 
CAS 
CAS 


101 
WE 


lDQ6· 


231 
WE 
I 


Din 
Dout 
1 
D;n 
Do.' n 
Vcr 
v.u 
Vcr 
Vu 


9 
I M< I 
~ 
I Ma I 
~ 


AO-Aa 
AO-Aa 
HAS 
---t> 
HAS 
---D 
CAS 
CAS 
WE 
WE 
13: 
Din 
Dout 
1251 
Din 
Dou, h 
I 
Vcr 
Vss 
lDQ7 
I 
Vcr 
Vu 


9 
I M9 I 


~AO-Aa 


(28) 
HAS 
CAS 


1291 
WE 
~ 


III 
\?,.'). 
fl,~~t 


'JOI tCI··tC9 
I 
• 9 I 


1221 


Absolute Maximum Ratings 


Voltage on any pin relative to VSS 
-1V to +7V 


Operating temperature, 
T. (Ambient) 
O°C to +70oC 


Storage temperature 
(Ambient) 
. . . . . . . . .. 
-SSoC to +12SoC 


Power dissipation 
., 
9W 


Short circuit output current 
SOmA 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 
Note 


Supply 
voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input 
High voltage 
VIH 
2.4 
5.5 
V 


Input 
Low voltage 
VIL 
-1.0 
0.8 
V 


Note) 
1. 
All voltages 
referenced 
to Vss. 
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HB561409 
Series 


DC Electrical Characteristics (Ta = 0 to +70°C, Vcc 
= SV ± 10%, Vss = OV) 


Parameter 
Symbol 
Min 
Max 
Unit 
Notes 


Operating 
current 
tRC= 180ns 
led 
540 
mA 
* 1 


Standby 
current 
Iec2 
18 
mA 


Refresh 
current 
tRe= 180ns 
Iec3 
540 
mA 
RAS only refresh 


Standby 
current 
(Dout Enable) 
Iec4 
54 
mA 
*1 


Refresh 
current 
tRe= 180ns 
Iec5 
495 
mA 
CAS before 
RAS refresh 


Operating 
current 
tpc=65ns 
Iec6 
540 
mA 
* 1, High speed 
page 
mode 


Input 
leakage 
0 < Vin < 7V 
III 
-10 
10 
p,A 


Output 
leakage 
0 < Vout < 7V 
ILO 
-10 
10 
p,A 
Dout is disabled 


OutputlevelsHigh 
lout= 
-5mA 
VOH 
2.4 
Vcc 
V 


Low lout 
= 
4.2mA 
VOL 
0.4 
V 


Notes: 
*1. 
Ice depends 
on output 
loading 
condition 
when 
the device 
is selected, Ice max 
is specified 
at the output 
open 
condition. 


Address 


Clocks 


Parameter 
Symbol 
Type 
Max 
Unit 
Notes 


CII 
60 
pF 
*1 


C" 
75 
pF 
* 1,2 


CI/O 
17 
pF 
* 1,2 


Co 
12 
pF 
* 1,2 


CI3 
10 
pF 
*1 


Notes: 
* 1. 
Capacitance 
measured 
with 
Boonton 
Meter 
or effective 
capacitance 
measuring 
method. 
*2. 
CAS = VIH to disable 
Doul. 


Read, Write and Refresh Cycles (Common Parameter) (Ta = 0 to +70°C, Vcc 
= SV ± 10%, Vss = OV) 


Parameter 
Symbol 
Min 
Max 
Unit 
Notes 


Random 
Read or Write 
Cycle Time 
tRe 
180 
ns 


RAS Precharge 
Time 
tRP 
70 
ns 


RAS Pulse 
Width 
tRAS 
75 
10000 
ns 


CAS Pulse Width 
teAS 
30 
ns 


Column 
Address 
Set·up 
Time 
tASC 
ns 


Column 
Address 
Hold 
Time 
tCAH 
25 
ns 


Column 
Address 
Hold Time 
to RAS 
tAR 
80 
ns 


RAS to CAS Delay 
Time 
lRCD 
25 
70 
ns 
*8 


RAS to Column 
Address 
Delay 
Time 
tRAD 
20 
45 
ns 
*9 


RAS Hold Time 
tRSH 
30 
ns 


CAS Hold Time 
tCSH 
100 
ns 


CAS to RAS Precharge 
Time 
tCRP 
10 
ns 


Row Address 
Set·up 
Time 
lASR 
ns 


Row Address 
Hold 
Time 
tRAH 
15 
ns 


Transition 
Time 
(Rise and Fall) 
tT 
50 
ns 
*7 


Refresh 
Period 
tREF 
ms 
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• Read Cycle 


Parameter 
Symbol 
Min 
Max 
Unit 
Notes 


Access 
Time 
from 
RAS 
tRAS 
100 
ns 
*2, 
*3 


Access 
Time 
from CAS 
tCAe 
30 
ns 
*3, 
*4 


Access 
Time 
from Address 
tM 
55 
ns 
*3. 
*5 


Read Command 
Set-up 
Time 
tWl:S 
ns 


Read Command 
Hold Time 
to CAS 
tRCH 
ns 


Read Command 
Hold Time 
to RAS 
tRRH 
10 
ns 


Column 
Address 
to RAS Lead 
Time 
tRAL 
55 
ns 


Output 
Buffer 
Turn-off 
Time 
tOFF 
30 
ns 
*6 


• Write Cycle 


Parameter 
Symbol 
Min 
Max 
Unit 
Notes 


Write 
Command 
Set-up 
Time 
twes 
ns 
*10 


Write 
Command 
Hold 
Time 
tweH 
30 
ns 


Write 
Command 
Hold Time 
to RAS 
tWCR 
85 
ns 


Write 
Command 
Pulse Width 
twp 
25 
ns 


Write 
Command 
to RAS Lead 
Time 
tRWL 
30 
ns 


Write 
Command 
to CAS Lead 
Time 
tewL 
30 
ns 


Data-in 
Set-up 
Time 
tos 
ns 
*11 


Data-in 
Hold Time 
tOH 
25 
ns 
*11 


Data-in 
Hold 
Time 
to RAS 
tOHR 
80 
ns 


• Refresh Cycle 


Parameter 
Symbol 
Min 
Max 
Unit 
Notes 


CAS Set-up 
Tim~ 


tl'SH 
10 
ns 
(CAS before 
RAS Refresh) 


CAS Hold Time 
teHR 
10 
(CAS before 
RAS Refresh) 
ns 


RAS Precharge 
to CAS Hold Time 
tRPC 
15 
ns 


• High Spead Page Mode Cycle 


Parameter 
Symbol 
Min 
Max 
Unit 
Notes 


High 
Speed 
Page 
Mode Cycle Time 
tl'C 
65 
ns 
* 12 


High 
Speed 
Page 
Mode RAS Pulse 
tRAPe 
75 
75000 
ns 
* 13 
Width 


CAS Precharge 
Time 
tcp 
20 
ns 


Write 
Invalid 
Time 
tWI 
15 
ns 


Access 
Time 
from Column 
tCAP 
60 
* 14 
Precha rge Time 
ns 


Notes) *1. 
AC measurements 
assume 
tT = 5ns. 
*2. 
Assumes 
that 
tRCD 
~ tRCP 
(~ax) 
and 
tRAD 
~ t~D 
(max). 
If tRCD 
or tRAD 
is greater 
than 
the maximum 
recommended 
value 
shown 
m thiS table, 
t~ 
excee 
s the value 
shown. 
*3. 
Measured 
with 
a load circuit 
equivalent 
to 
L loads 
and 
100pF. 


*4. 
Assumes 
that 
tRCD 
~ tRCD 
(max) 
and tRAD 
~ tRAD 
~lI\ax). 
*5. 
Assumes 
that 
tRCD 
~ tRCD 
(max) 
and tRAD 
~ tRAD 
max.) 


*6. 
tOFF 
(max) 
dermes 
the 
time 
at which 
the 
output 
achieves 
the 
open 
circuit 
condition 
and 
is not 
referenced 
to 


output 
voltage 
level. 


*7. 
V1H (min) 
and 
Vl~ 
(max) 
are reference 
levels 
for 
measuring 
timing 
of input 
signals. 
Also, 
transition 
times 
are 


measured 
between 
IH and VIL. 
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8. Operation 
with the tRco(max) 
limit insures that tRAc(max) 
can be met. 
tRCO(max) 
is specified as a re- 


ference point only; if tRCO is greater than the specified tRCO (max) limit, then access time is controlled 
exclusively by tCAC. 
9. Operation 
with the tRAo(max) 
limit insures that tRAc(max) 
can be met. 
tRAo(max) 
is specified as a 
reference point only; if tRAO is greater than the specified tRAO(max) 
limit, then access time is controlled 
exclusively by tAA. 
Only early write cycle to prevent contention 
on Data in and out (twcs 
~ 0). 
These parameters are referenced to -CXS-Ieading edge in early write cycle. 
Assumes that tASC.= tcp·5ns. 
tRAPC definesRAS 
pulse width in High Speed Page mode cycle. 
Access time is determined by the longer of tAA.or tCAC or tCAP. 
An initial pause of 1001's is required after power-up then execute at least 8 initialization cycles. 
At least, 8 CAS" before RAS refresh cycles are required before using an internal refresh counter. 


Timing Waveforms 
Refer to the HM51256CP 
data sheet. 


Package Outline, Unit; mm (inch) 


HB561409A 


000000000 
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HB561008 
Series 


The 
HB561008AR/B 
is a 2M dynamic 
random-access 
memory 
module 
organized 
as 262,144 
x 8 bits in a 
30-pin 
single in-line 
package comprising 
eight HM50256CP, 
262,144 
x 1 bit dynamic 
RAMs in 18-pin Plastic 


Leaded Chip Carrier mounted 
on top of a substrate together 
with decoupling 
capacitors. 


• 
FEATURES 


• 
262,144 
words x 8-bits Organization 
• 
Industry 
standard 30-Pin Single In-line Package Memory 
Module 


• 
Single 5V (±10%) 


• 
Utilizes eight 256K 
Dynamic 
RAMs in PLCC (HM50256CP) 


• 
HB561008AR/B 
operates as eight HM50256CPs 
as shown in the functional 
block diagram. 


• 
Lower Power; 
Operating: 
1,920mW typo (tRC = 260ns) 
Standby: 
120mW typo 


Access Time 
Access Time 
Read or Write 


from RAS (max) 
from CAS (max) 
Cycle (min) 


HB561008AR/B-12 
120ns 
60ns 
220ns 


HB561008ARiB-15 
l50ns 
75ns 
260ns 


• 
Page mode capability 
• 
TTL compatible 


• 
256 refresh cycles: 
(4ms) 


• 
3 variations 
of refresh 


RAS-only 
refresh 


CAS·before-RAS 
refresh 


Hidden 
refresh 


• 
Operating 
Ambient 
Air Temperature: 
0 to +70oC 


• 
HB561008AR 
..... 
Leaded type 


• 
HB561008B 
.... 
Leadless type (socket type) 


000000000 


AO-A8 
Address 
Inputs 


CAS 
Column Address 
Strobes 


DQO-DQ7 
Data In/Data 
Out 


NC 
No Connection 


RAS 
Row Address 
Strobes 


WE 
Write Enable 


Vcc 
+5V Supply 


Vss 
Ground 


=SS~@§S~§~~§8~~~;~~~~§~~~~§~~8 
21~~ :. ~g ~ :( :3g ~ ~ g ;( .;:g ~ ~ ~ gl~ :: g ~ g ~I~~~~ 


Notes: 
L 
HB561008AR's 
pin arrangement 
is same as HB561008B's_ 


2. 
Common 
CAS control 
for eight 
common 
Data-In 
and Data-Out 


lines. 


3. 
The 
common 
I/O 
feature 
dictates 
the 
use of only 
early 
write 


operations 
to prevent 
contention 
on Data-in 
and Data-out. 
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• ABSOLUTE MAXIMUM 
RATING 


Voltage 
on any pin relative 
to VSS: -lV 
to +7V 
Operating 
temperature, 
Ta (Ambient): 
O°C to +70°C 
Storage 
temperature 
(Ambient): 
-SSoC 
to +12SoC 


Power 
dissipation: 
8W 


Short 
circuit 
output 
current: 
SOmA 


Parameter 
Symbol 
min. 
typo 
max. 
Unit 
Notes 


Supply VoltaRe 
VeT 
4.5 
s.o 
5.5 
V 
1 


Input lliRh VoltaRe 
V,H 
2.4 
- 
6.5 
V 
I 


Input Low Volt aRe 
VIL 
1.0 
.- 
0.8 
V 
I 
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Parameter 
Test Conditions 
Symbol 
min. 
max. 
Unit 
Notes 


Operating 
current 
RAS. CAS=cycle 
560 
IRc=260ns 
lc-n 
- 
mA 
1 
fRc=min 
IRC = 220ns 
660 


Standby 
current 
RAS- 
VIH. D." -High 
Z 
!cn. 
36 
mA 


Refresh current 
RAS only refresh 


IRe =260ns 
len 
- 
425 
mA 
tRc=min 
IRC = 220ns 
495 


Standby 
current 
RAS= 
VIH. 0." =enable 
le("s 
- 
80 
mA 
1 


Refresh current 
CAS before 
RAS refresh 
IRC = 260ns 
/en 
- 
465 
mA 
lllc=min 
IRC=220ns 
550 


Page mode supply 
RAS= 
VIL, CAS = cycle, 
/Pc = 145ns 
lcc? 
- 
385 
mA 
current 
tpc=min 
!Pc =120ns 
455 


Input leakage 
0< 
V•• <7V 
11.1 
-10 
10 
I'A 
Output 
leakage 
0< 
V•.•, < 7\' , D•." = disable 
Iw 
-10 
10 
I'A 


Output levels 
High (/ ••, ~ _.5mA) 
VOH 
2.4 
Vec 
V 
Low (/ ••, - 4.2mA) 
VOl. 
0 
0.4 
V 


Parameter 
Symbol 
typo 
max. 
Unit 
Notes 


Address 
CII 
- 
55 
pF 
2 


Clocks 
C" 
.. 
70 
pF 
2.3 


DQ 
CI/O 
.- 
17 
pF 
2.3 


Notes: 
1. Ice 
depends 
on output 
loading 
condition 
when 
the device 
is selected,lee 
max is specified 
at the output 


open 
condition. 


2. 
Capacitance 
measured 
with 
Boonton 
Meter 
or effective 
capacitance 
measuring 
method. 
3. 
CAS = VIR to disable 
Dout· 


• 
AC CHARACTERISTICS 


Refer to the HM50256CP data sheet. 
The 
HB561008 
writes data only 
in early write 
cycle (twcs 
~ 


twcs 
(min)). 
Delayed write 
cycle is not available because of 


I/O common. 
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·PACKAGE 
OUTLINE; Unit: mm (inch) 


• HB561008AR Series 


I 
78.74(3.10) 
- 
l 


'ViViVViiViiiiiiiViiiiiiiii;vyyJ 


1 
II." 
II. 
30 
--lIi-500( 
0.0197) 
---J.-j...2.54(0.100) 
0.250(0.~ 
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HB56D25608A/B-6H/7H/8A/10A/12A 


262,144-Word 
x 8-Bit High Density Dynamic RAM Module 


• 
DESCRIPTION 


The HB56A25608 
is a 256K x 8 dynamic 
RAM module, mounted 


two 1-Mbit DRAM (HM514256A) 
sealed in SOJ package. 
An outline 


of the HB56A25609 
is 30-pin 
single 
in-line 
package 
having 
Lead 


types (HB56A25608A), 
Socket type (HB56A25608B). 
Therefore, 
the 


HB56A25608 
makes high density mounting 
possible without surface 


mount technology. 
The HB56A25608 
provides common 
data inputs 


and outputs. 
Its module 
board has decoupling 
capacitors 
beneath 


the each SOJ. 


• 
FEATURES 


• 3O-Pin Single In-Line Package 


Lead Pitch 
2.54mm 


• Single 5V (± 
10%) Supply 


• High Speed 


Access Time 
60/70/80/100/120ns 
(max.) 


• Low Power Dissipation 


Active Mode 
990/8801726/605/517/mW 
(max.) 


Standby 
Mode 
22mW (max.) 


• Fast Page Mode Capability 
• 512 
efresh Cycle 
8ms 


• 2 V; iations of Refresh 


AS Only Refresh 
CAS Before RAS Refresh 


• TIL Compatible 


Part No. 
Access Time 
Package 


HB56D25608A-6H 
60ns 
HB56D25608A-7H 
70ns 
30 pin SIP 
HB56D25608A-8A 
80ns 
HB56D25608A-IOA 
lOOns 
Lead Type 


HB56D25608A-12A 
120ns 


HB56D25608B-6H 
60ns 
HB56D25608B- 
7H 
70ns 
30 pin SIP 
HB56D25608B-8A 
80ns 
HB56D25608B-IOA 
lOOns 
Socket Type 


HB56D25608B-12A 
120ns 


I~---------------------------71 


1 pin 
30 pin 


Pin No. 
Pin Name 
Pin No. 
Pin Name 


1 
Vcc 
16 
DQ4 


2 
CAS 
17 
As 


3 
DQo 
18 
NC 


4 
Ao 
19 
NC 


5 
AJ 
20 
005 


6 
DQJ 
21 
WE 


7 
A2 
22 
Vss 


8 
A3 
23 
006 


9 
Vss 
24 
NC 


10 
DQ2 
25 
DQ7 


11 
A4 
26 
NC 


12 
A5 
27 
RAS 


13 
003 
28 
NC 


14 
A6 
29 
NC 


15 
A7 
30 
Vcc 


Pin Name 
Function 


Ao - As 
Address Input 


Ao - As 
Refresh Address Input 


RAS 
Row Address Strobe 


CAS 
Column Address Strobe 


WE 
ReadlWrite Enable 


000 - 007 
Data-In/Data-Out 


Vcc 
Power Supply (+ 5V) 


Vss 
Ground 


NC 
Non-Connection 
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HB56D25608A/B-6H/7H/8A110A/12A 
---------------------- 


• 
BLOCK DIAGRAM 


M1 
AO-A8 
I/O 1 


RAS 
1/02 


CAS 
1/03 


WE 
V04 


OE 


Vcc Vss 


M1 
AO-A8 
VO 1 


RAS 
V02 


CAS 
V03 


WE 
1/04 


OE 


VCC VSS 


(3) 
DOD 


(6) D01 


(10) D02 
HM514256JP 


(13) D03 


(16) D04 


(20) D05 


(23) D06 


(25) DO? 


RAS 
27 


CAS 
(2) 


WE 
(21) 


~HITACHI 


968 
Hitachi America, Ltd.• 
Hitachi Plaza' 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 
• (415) 589-8300 


• 
PHYSICAL 
OUTLINE 


• HB56D25608A 
Series 


II 
0.50 
-11-0.197 


," 


" 


2.03 
0.080 
7.62 
0.300 


II 
1.78 


-11-0.070 


800DOB 
° 00 
D 
DOOOOD 


~I ~ 
0.208 


~I _n 
0.208 


~ 
.11_ 
1.27 
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Parameter 
Symbol 
Value 
Unit 


Voltage 
on Any 
Pin Relative 
to V SS 
VT 
-1.0 
to +7.0 
V 


Supply 
Voltage 
Relative 
to V SS 
VCC 
-1.0 
to + 7.0 
V 


Short 
Circuit 
Output 
Current 
lout 
50 
rnA 


Power 
Dissipation 
PT 
2 
W 


Operating 
Temperature 
Topr 
o to + 70 
°C 


Storage 
Temperature 
Tst~ 
-55 
to + 125 
°C 


• 
ELECTRICAL 
CHARACTERISTICS 


• Recommended 
DC Operating 
Conditions 
(Ta = 0 to + 70°C) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


Vss 
0 
0 
0 
V 
Supply 
Voltage 


Vcc 
4.5 
5.0 
5.5 
V 
I 


Input 
High 
Voltage 
VIH 
2.4 
- 
5.5 
V 
I 


Input 
Low 
Voltage 
VIL 
-1.0 
- 
0.8 
V 
I 


HB56D25608A/B 


Parameter 
Symbol 
Test Conditions 
-6H 
-7H 
-8A 
-lOA 
-12A 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Operating Current 
Icci 
tRe = Min. 
- 
180 
- 
160 
- 
132 
- 
110 
- 
94 
mA 
1,2 


TfL 
Interface 
RAS, CAS = VtH 
- 
4 
- 
4 
- 
4 
- 
4 
- 
4 
mA 
DOUT= High-Z 
Standby Current 
ICC2 


CMOS Interface 
RAS, CAS « Vee -O.2V 
- 
2 
- 
2 
- 
2 
- 
2 
- 
2 
mA 
DOUT= High-Z 


RAS-Only 
1cC3 
tRe = Min. 
- 
ISO 
- 
160 
- 
132 
- 
110 
- 
94 
mA 
2 
Refresh Current 


Standby Current 
Ice, 
RAS = VIH, CAS = VtL 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
mA 
I 
DoUT = Enable 


CAS-Before-RAS 


lee6 
tRe = Min. 
180 
160 
132 
110 
94 
mA 
Refresh Current 
- 
- 
- 
- 
- 


Fast Page 
1cC7 
tpc = Min. 
- 
180 
- 
160 
- 
110 
- 
110 
- 
94 
mA 
1,3 
Mode Current 


Input Leakage 
III 
OV :s V1N :s 7V 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
p.A 
Current 


Output Leakage 
ILO 
OV :s VOUT:s 7V 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
-10 
10 
p.A 
Current 
DOUT= Disable 


Output High 
VOH 
lOUT= -5 mA 
2.4 
Vee 
2.4 
Vee 
2.4 
Vee 
2.4 
Vee 
2.4 
Vee 
V 
Voltage 


Output Low Voltage 
VOL 
lOUT= 4.2mA 
0 
0.4 
0 
0.4 
0 
0.4 
0 
0.4 
0 
0.4 
V 


NOTES: 
I. Ice depends 
on output load condition 
when the device is selected, 
Ice max. is specified 
at the output open condition. 


2. Address 
can be changed 
less than three times while RAS = VIL. 


3. Address 
can be changed 
once or less while CAS = VIH. 
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Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Input 
Capacitance 
(Address) 
CII 
- 
25 
pF 
1 


Input 
Capacitance 
(Clock) 
CI2 
- 
30 
pF 
1 


Input/Output 
Capacitance 
(DQo-DQ7) 
CliO! 
- 
17 
pF 
1,2 


NOTES: 
I. Capacitance 
measured 
with Boonton 
Meter or effective 
capacitance 
measuring 
method. 


2. CAS = VIH to disable 
DOl,,' 


• 
AC CHARACTERISTICS 
(Ta = 0 to 70°C, Vcc = 5V ± 10%, Vss = OV) (I), (12) 


• Read, Write and Refresh Cycle (Common 
Parameter) 


HB56D25608A/B 


Parameter 
Symbol 
-6H 
-7H 
-8A 
-lOA 
-12A 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Random Read or Write Cycle Time 
tRC 
125 
- 
140 
- 
160 
- 
190 
- 
220 
- 
ns 


RAS Precharge Time 
tRP 
55 
- 
60 
- 
70 
- 
80 
- 
90 
- 
ns 


RAS Pulse Width 
tRAS 
60 
1ססoo 
70 
1ססoo 
80 
1ססoo 
100 
1ססoo 
120 
1ססoo 
ns 


CAS Pulse Width 
'cAS 
20 
1ססoo 
20 
1ססoo 
25 
1ססoo 
25 
1ססoo 
30 
1ססoo 
ns 


Row Address Setup Time 
tASR 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Row Address Hold Time 
tRAH 
10 
- 
10 
- 
12 
- 
15 
- 
15 
- 
ns 


Column Address Setup Time 
IASC 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Column Address Hold Time 
'cAH 
15 
- 
15 
- 
20 
- 
20 
- 
25 
- 
ns 


RAS to CAS Delay Time 
(Reo 
20 
40 
20 
50 
22 
55 
25 
75 
25 
90 
ns 
8 


RAS to Column Address Delay Time 
tRAn 
15 
30 
15 
35 
17 
40 
20 
55 
20 
65 
ns 
9 


RAS Hold Time 
tRSH 
20 
- 
20 
- 
25 
- 
25 
- 
30 
- 
ns 


CAS Hold Time 
tCSH 
60 
- 
70 
- 
80 
- 
100 
- 
120 
- 
ns 


CAS to RAS Precharge Time 
'cRP 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


Transition Time (Rise and Fall) 
tT 
3 
50 
3 
50 
3 
50 
3 
50 
3 
50 
ns 
7 


Refresh Period 
tREF 
- 
8 
- 
8 
- 
8 
- 
8 
- 
8 
ns 
15 
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Parameter 
Symbol 
-6H 
-7H 
-8A 
-lOA 
-12A 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Access Time from RAS 
tRAe 
- 
60 
- 
70 
- 
80 
- 
100 
- 
120 
ns 
2.3 


Access Time from CAS 
'cAC 
- 
20 
- 
20 
- 
25 
- 
25 
- 
30 
ns 
3.4 


Access 
Time 
from 
Address 
tAA 
- 
30 
- 
35 
- 
40 
- 
45 
- 
55 
ns 
3.5 


Read Command Setup Time 
tRes 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Read Command Hold Time to CAS 
tRCH 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 


Read Command Hold Time to RAS 
tRRH 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


Column Address to RAS Lead Time 
tRAL 
30 
- 
35 
- 
40 
- 
45 
- 
55 
- 
ns 


Output Buffer Thrn-Off Time 
\oFF 
- 
20 
- 
20 
- 
20 
- 
25 
- 
30 
ns 
6 
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Parameter 
Symbol 
-6H 
-7H 
-8A 
-lOA 
-12A 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Command Setup Time 
twcs 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
10 


Write Command Hold Time 
tWCH 
15 
- 
15 
- 
20 
- 
20 
- 
25 
- 
ns 


Write Command Pulse Width 
twP 
10 
- 
10 
- 
15 
- 
15 
- 
20 
- 
ns 


Data-In Setup Time 
tDS 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
11 


Data-In Hold Time 
tDH 
15 
- 
15 
- 
20 
- 
20 
- 
25 
- 
ns 
11 
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Parameter 
Symbol 
-6H 
-7H 
-8A 
-lOA 
-12A 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS Setup Time 
leSR 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 
(CAS Before RAS Refresh Cycle) 


CAS Hold Time 
15 
15 
20 
20 
25 
(CAS Before RAS Refresh Cycle) 
leHR 
- 
- 
- 
- 
- 
ns 


RAS Precharge to CAS Hold Time 
tRPC 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


HB56D25608A/B 


Parameter 
Symbol 
-6H 
-7H 
-8A 
-lOA 
-I2A 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Fast Page Mode Cycle Time 
tpc 
45 
- 
50 
- 
55 
- 
55 
- 
65 
- 
ns 


Fast Page Mode CAS Precharge Time 
lep 
10 
- 
10 
- 
10 
- 
10 
- 
15 
- 
ns 


Fast Page Mode RAS Pulse Width 
tRASC 
60 
10ססoo 
70 
10ססoo 
80 
10ססoo 
100 
10ססoo 
120 
10ססoo 
ns 
13 


Access Time from CAS Precharge 
tACP 
- 
40 
- 
45 
- 
50 
- 
50 
- 
60 
ns 
14 


RAS Hold Time from CAS Precharge 
tRHCP 
40 
- 
45 
- 
50 
- 
50 
- 
60 
- 
ns 


I. AC measurements 
assume 
tT = 5ns. 


2. Assumes 
that tRCD :S tRCD (max.) 
and tRAD :S tRAD (max.). 
If tRCDor tRAD is greater 
than the maximum 
recommended 
value shown in this table, tRACexceeds 
the value shown. 


3. Measured 
with a load circuit equivalent 
to 2 TIL 
loads and lOOpF. 


4. Assumes 
that tRCD 2: tRCD (max.), 
tRAD :S tRAD (max.). 


5. Assumes 
that tRCD :S tRCD(max.), 
tRAD 2: tRAD (max.). 


6. toFF (max.) 
defines the time at which the output achieves the open circuit condition 
and is not referenced 
to output 


voltage levels. 


7. VIH (min.) and VtL (max.) 
are reference 
levels for measuring 
timing of input signals. 
Also, transition 
times are 
measured 
between 
VIH and VIL. 


8. Operation 
with the tRCD (max.) 
limit insures 
that tRAC (max.) 
can be met, tRCD (max.) 
is specified 
as a reference 
point only, if tRCD is greater 
than the specified 
tRCD (max.) 
limit, then access time is controlled 
exclusively 
bY !cAC. 


9. Operation 
with the tRAD(max.) 
limit insures that tRAC (max.) 
can be met, tRAD(max.) 
is specified 
as a reference 


point only, if tRAD is greater 
than the specified 
tRAD(max.) 
limit, then access time is controlled 
exclusively 
bY tAA. 


10. Early write cycle only (twcs2:twcs 
(min.» 


I I. These parameters 
are referenced 
to CAS leading 
edge in an early write cycle. 


12. An initial pause of 100 p.s is required 
after power up followed bY a minimum 
of eight initialization 
cycles (any 
combination 
of cycles containing 
RAS clock such as RAS-only 
refresh). 


13. tRASCdefines RAS pulse width in fast page mode cycles. 


14. Access time is determined 
bY the longer of tAA or !cAC or tAC!' 


15. tREF defines 
is 512 refresh 
cycles. 
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• 
TIMING 
WAVEFORMS 


• Read Cycle 
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tRC 
tRAS 
RAS 


tT 
RCD 
tCSH 
ICAS 


CAS 
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1 WE 
: Don't care 


2 ~ 
: Don't care 


1 Address, 
Din: Don't care 


2 Dout: High-Z 


3 ~ 
: Don't care 
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tCSH 


tRCO 


tpc 


tCAS 
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ICSH 


IRCD 


IpC 


ICAS 
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HB56D25609A/B-85A/10A/12A 


262,144-Word 
x 9-Bit High Density 
Dynamic 
RAM Module 


• 
DESCRIPTION 


The HB56A25609 
is a 256K x 9 dynamic 
RAM module, mounted 


two 1-Mbit DRAM (HM514256A) 
sealed in SOJ package and 256Kbit 


DRAM 
(HM51256) 
sealed 
in PLCC 
package. 
An outline 
of the 


HB56A25609 
is 30-pin 
single 
in-line 
package 
having 
Lead types 


(HB56A25609A), 
Socket 
type 
(HB56A25609B). 
Therefore, 
the 


HB56A25609 
makes high density mounting 
possible without surface 


mount technology. 
The HB56A25609 
provides common 
data inputs 


and outputs 
and also provides 
separate 
I/O on parity 
bit for parity 
check. 
Its module 
board 
has decoupling 
capacitors 
beneath 
the 


each SOJ and PLCC. 


• 
FEATURES 


• 30-Pin Single In-Line Package 


Lead Pitch 
2.54mm 


• Single 5V (± 
10%) Supply 
• High Speed 
Access Time 
85/100/120ns 
(max.) 
• Low Power Dissipation 
Active Mode 
1.1110.94/0.79mW 
(max.) 
Standby 
Mode 
33mW (max.) 
• Fast Page Mode Capability 
• 512 Refresh Cycle 
8ms 


• 2 Variations 
of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 


• TTL Compatible 


Part No. 
Access Time 
Package 


HB56D25609A-85A 
85ns 
30 pin SIP 
HB56D25609A-IOA 
lOOns 
HB56D25609A-12A 
120ns 
Lead Type 


HB56D25609B-85A 
85ns 
30 pin SIP 
HB56D25609B-IOA 
lOOns 
HB56D25609B-12A 
120ns 
Socket Type 


Pin No. 
Pin Name 
Pin No. 
Pin Name 


I 
Vcc 
16 
DQ4 


2 
CAS 
17 
As 


3 
DQo 
18 
NC 


4 
Ao 
19 
NC 


5 
AJ 
20 
DQ5 


6 
DQ, 
21 
WE 


7 
A2 
22 
Vss 


8 
A1 
23 
DQ6 


9 
Vss 
24 
NC 


10 
DQ2 
25 
DQ7 


11 
A4 
26 
PQ 


12 
A5 
27 
RAS 


13 
DQl 
28 
PeAS 


14 
A6 
29 
PD 


15 
A7 
30 
Vcc 


Pin Name 
Function 


Ao - As 
Address Input 


Ao - As 
Refresh Address Input 


RAS 
Row Address Strobe 


CAS, PCAS 
Column Address Strobe 


WE 
Read/Write Enable 


DQo - DQ7 
Data-InlData-Out 


PD 
Data-In for Parity 


PQ 
Data-Out for Parity 


Vcc 
Power Supply (+ 5V) 


Vss 
Ground 


NC 
Non-Connection 


~HITACHI 


HitachiAmerica,Ltd .• HitachiPlaza' 2000 SierraPointPkwy.• Brisbane,CA94005-1819 • (415) 589-8300 
979 


HB56D25609A/B-85A/10A/12A 
----------------------- 


• 
BLOCK 
DIAGRAM 


M1 
(3) DOO 
AO-A8 
1101 
RAS 
1/02 
(6) D01 


CAS 
1/03 
(10) D02 
HM514256JP 


WE 
1/04 
(13) D03 


OE 


Vcc VSS 


C1 


M2 
(16) D04 
AO-A8 
1/01 
RAS 
1/02 
(20) D05 
HM514256JP 
CAS 
1/03 
(23) DOG 


WE 
1104 
(25) D07 


OE 


Vcc Vss 


C2 


M3 
AO-A8 
(26) PO 
RAS 
Doul 


CAS 
HM51256CP 


WE 
Din 
(29) PO 


Vcc Vss 


C3 
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RAS 
2 
CAS 
(2) 


WE (21) 


• 
PHYSICAL 
OUTLINE 


• HB56D25609A 
Series 
o 


" 


'. 


2.03 
0.080 
7.62 
0.300 


II 
0.50 
-11-0.197 


o 


~I_n 
0.208 


~I ~ 
0.208 


~ 
.11. 1.27 
--rro:os 
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II 
1.78 
-j 1-0.070 


HB56D25609A1B-85A110Al12A 
----------------------- 


• 
ABSOLUTE 
MAXIMUM 
RATINGS 


Parameter 
Symbol 
Value 
Unit 


Voltage on Any Pin Relative to V55 
VT 
-1.0 to +7.0 
V 


Supply Voltage Relative to V55 
VCC 
-1.0 to + 7.0 
V 


Short Circuit Output Current 
lout 
50 
mA 


Power Dissipation 
PT 
3 
W 


Operating 
Temperature 
Topr 
Oto + 70 
°C 


Storage Temperature 
Tst• 
-55 to + 125 
°C 


• 
ELECTRICAL 
CHARACTERISTICS 


• Recommended 
DC Operating 
Conditions 
(T. = 0 to + 70°C) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


Vss 
0 
0 
0 
V 
Supply Voltage 


Vcc 
4.5 
5.0 
5.5 
V 
I 


Input High Voltage 
VIH 
2.4 
- 
5.5 
V 
I 


Input Low Voltage 
V1L 
-1.0 
- 
0.8 
V 
I 


HB56D25609A/B 


Parameter 
Symbol 
Test Conditions 
-85A 
-lOA 
-12A 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Operating 
Current 
ICC1 
tRC = Min. 
- 
202 
- 
170 
- 
144 
mA 
1,2 


TTL Interface 
RAS, 


CAS = VIH, 
- 
6 
- 
6 
- 
6 
mA 


Standby Current 
ICC2 


DOUT = High-Z 


CMOS Interface RAS, 
CAS ~ Vcc -0.2V 
- 
3 
- 
3 
- 
3 
mA 


DOUT = High-Z 


RAS-Only 
ICC3 
tRC = Min. 
- 
202 
- 
170 
- 
144 
mA 
2 
Refresh Current 


RAS = VIH, 
Standby Current 
Iccs 
CAS = V1L, 
- 
16 
- 
16 
- 
16 
mA 
I 


DOUT = Enable 


CAS-Before-RAS 
IcC6 
tRC = Min. 
192 
165 
139 
mA 
Refresh Current 
- 
- 
- 


Fast Page 
ICC7 
tpc = Min. 
- 
180 
- 
170 
- 
144 
mA 
1,3 
Mode Current 


Input Leakage Current 
ILl 
OV :S VIN 
:S 7V 
-10 
10 
-10 
10 
-10 
10 
p.A 


Output Leakage 
ILO 
OV :S VOUT :S 7V, 
-10 
10 
-10 
10 
-10 
10 
p.A 
Current 
DOUT = Disable 


Output High Voltage 
VOH 
lOUT = -5 mA 
2.4 
Vcc 
2.4 
Vcc 
2.4 
Vcc 
V 


Output Low Voltage 
VOL 
loUT = 4.2mA 
0 
0.4 
0 
0.4 
0 
0.4 
V 


NOTES: 
1. lee depends 
on output load condition 
when the device is selected, 
lee max. is specified 
at the output open condition. 


2. Address 
can be changed 
less than three times while RAS = VIL. 


3. Address 
can be changed 
once or less while CAS = VIH. 
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Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Input Capacitance 
(Address) 
ClI 
- 
30 
pF 
I 


Input Capacitance 
(Clock) 
CI2 
- 
36 
pF 
I 


Input/Output 
Capacitance 
(DQo-DQ7) 
CliO 
- 
17 
pF 
1,2 


Input Capacitance 
(PD) 
Cn 
- 
10 
pF 
1,2 


Output Capacitance 
(PQ) 
CO 
- 
12 
pF 
1,2 


NOTES: 
I. Capacitance 
measured 
with Boonton 
Meter or effective 
capacitance 
measuring 
method. 


2. CAS = VIH to disable 
Dout . 


• 
AC CHARACTERISTICS 
(Ta = 0 to 70°C, 
VCC = 5V ± 10%, VSS = OV) (I), (12) 


• Read, Write and Refresh Cycle (Common 
Parameter) 


HB56D25609A/B 


Parameter 
Symbol 
-85A 
-lOA 
-12A 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Random Read or Write Cycle Time 
tRC 
160 
- 
190 
- 
220 
- 
ns 


RAS Precharge 
Time 
tRP 
70 
- 
80 
- 
90 
- 
os 


RAS Pulse Width 
tRAS 
80 
1ססoo 
100 
1ססoo 
120 
1ססoo 
ns 


CAS Pulse Width 
leAS 
25 
1ססoo 
25 
1ססoo 
30 
1ססoo 
ns 


Row Address Setup Time 
tASR 
0 
- 
0 
- 
0 
- 
ns 


Row Address Hold Time 
tRAH 
12 
- 
15 
- 
15 
- 
ns 


Column Address Setup Time 
tAsc 
0 
- 
0 
- 
0 
- 
ns 


Column Address Hold Time 
leAH 
20 
- 
20 
- 
25 
- 
ns 


Column Address Hold Time to RAS 
tAR 
60 
- 
75 
- 
90 
- 
ns 


RAS to CAS Delay Time 
tRCD 
22 
55 
25 
75 
25 
90 
ns 
8 


RAS to Column Address Delay Time 
tRAD 
17 
45 
20 
55 
20 
65 
ns 
9 


RAS Hold Time 
tRSH 
25 
- 
25 
- 
30 
- 
ns 


CAS Hold Time 
leSH 
85 
- 
100 
- 
120 
- 
ns 


CAS to RAS Precharge 
Time 
tCRP 
10 
- 
10 
- 
10 
- 
ns 


Transition Time (Rise and Fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
7 


Refresh Period 
tREF 
- 
8 
- 
8 
- 
8 
ns 
15 


HB56D25609A/B 


Parameter 
Symbol 
-85A 
-lOA 
-12A 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Access Time from RAS 
tRAC 
- 
85 
- 
100 
- 
120 
ns 
2,3 


Access Time from CAS 
leAC 
- 
25 
- 
25 
- 
30 
ns 
3,4 


Access Time from Address 
tAA 
- 
40 
- 
45 
- 
55 
ns 
3, 5 


Read Command 
Setup Time 
tRCS 
0 
- 
0 
- 
0 
- 
ns 


Read Command 
Hold Time to CAS 
tRCH 
0 
- 
0 
- 
0 
- 
ns 


Read Command 
Hold Time to RAS 
tRRH 
10 
- 
10 
- 
10 
- 
ns 


Column Address to RAS Lead Time 
tRAL 
40 
- 
45 
- 
55 
- 
ns 


Output Buffer Turn-Off Time 
!oFF 
0 
20 
0 
25 
0 
30 
ns 
6 
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HB56D25609A/B 


Parameter 
Symbol 
-85A 
-lOA 
-12A 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Command 
Setup Time 
twcs 
0 
- 
0 
- 
0 
- 
ns 
10 


Write Command 
Hold Time 
tWCH 
20 
- 
25 
- 
30 
- 
ns 


Write Command 
Hold Time to RAS 
tWCR 
65 
- 
80 
- 
95 
- 
ns 


Write Command 
Pulse Width 
twP 
15 
- 
20 
- 
25 
- 
ns 


Data-In Setup Time 
tos 
0 
- 
0 
- 
0 
- 
ns 
II 


Data-In Hold Time 
tOH 
20 
- 
20 
- 
25 
- 
ns 
II 


Data-In Hold Time to RAS 
tOHR 
60 
- 
75 
- 
90 
- 
ns 


HB56D25609A/B 


Parameter 
Symbol 
-85A 
-lOA 
-12A 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CASSetupT~ 
teSR 
10 
- 
10 
- 
10 
- 
ns 
(CAS Before RAS Refresh Cycle) 


CAS Hold Time 


tCSR 
20 
- 
20 
- 
25 
- 
ns 
(CAS Before RAS Refresh Cycle) 


RAS Precharge 
to CAS Hold Time 
tRPC 
15 
- 
15 
- 
15 
- 
ns 


HB56D25609 A/B 


Parameter 
Symbol 
-85A 
-lOA 
-12A 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Fast Page Mode Cycle Time 
tpc 
55 
- 
55 
- 
65 
- 
ns 


Fast Page Mode CAS Precharge 
Time 
tcp 
10 
- 
15 
- 
20 
- 
ns 


Fast Page Mode RAS Pulse Width 
tRASC 
80 
10ססoo 
100 
10ססoo 
120 
10ססoo 
ns 
13 


Access Time from CAS Precharge 
tAcP 
- 
50 
- 
50 
- 
60 
ns 
14 


RAS Hold Time from CAS Precharge 
tRHCP 
50 
- 
50 
- 
60 
- 
ns 


1. AC measurements 
assume tT = 5ns. 


2. Assumes 
that tRCD s tRCD (max.) 
and tRAD S tRAD(max.). 
If tRCDor tRAD is greater 
than the maximum 
recommended 
value shown in this table, tRACexceeds 
the value shown. 
3. Measured 
with a load circuit equivalent 
to 2 TTL loads and lOOpF. 


4. Assumes 
that tRCD ;;, tRCD (max.), 
tRAD S tRAD (max.). 


5. Assumes 
that tRCD s tRCD(max.), 
tRAD ;;, tRAD (max.). 


6. tOFF (max.) 
defines 
the time at which the output achieves 
the open circuit condition 
and is not referenced 
to output 
voltage levels. 


7. 
VIH (min.) 
and VIL (max.) 
are reference 
levels for measuring 
timing of input signals. 
Also, transition 
times are 
measured 
between 
VIH and VIL. 


8. Operation 
with the tRCD (max.) 
limit insures that tRAC(max.) 
can be met, tRCD (max.) 
is specified 
as a reference 


point only, if tRCD is greater 
than the specified 
tRCD (max.) 
limit, then access time is controlled 
exclusively 
by tCAC. 
9. Operation 
with the tRAD (max.) 
limit insures 
that tRAC (max.) 
can be met, tRAD (max.) 
is specified 
as a reference 
point only, if tRADis greater 
than the specified 
tRAD(max.) 
limit, then access time is controlled 
exclusively 
by tAA. 


10. Early write cycle only (twcs;;,twcs(min.» 


II. 
These parameters 
are referenced 
to CAS leading edge in an early write cycle. 


12. An initial pause of 100/,s is required 
after power up followed by a minimum 
of eight initialization 
cycles (any 
combination 
of cycles containing 
RAS clock such as RAS-only 
refresh). 


13. tRASCdefines 
RAS pulse width in fast page mode cycles. 


14. Access time is determined 
by the longer of tAA or tCACor tACP. 


15. tREF defines 
is 512 refresh cycles. 
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• 
TIMING 
WAVEFORMS 


• Read Cycle 


tCAC 


tAA 


Valid 


tRAC 
Out ut 


High-Z 
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tRC 


tRAS 


RAS 


tT 


tCSH 


tCAS 


CAS 
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1 WE 
: Don't care 


2 ~ 
: Don't care 


1 Address, 
Din: Don't care 


2 Dout: High-Z 


3 ~ 
: Don't care 
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-----... 
tRHCP 
, 
V 
" 
~ 
tCSH 
tpc 
tRSH 
tRP 


tRCO 
tCAS 
tCAS 
tCAS - 


tCR 


I 
'\ 
/ 
'\ 
/ 


tRAO 
tcp 
tRAL 
~ 
tCAH 
tCAH 
tCAH 
~ 
tASC 
~ 
~ 
R 
tASC 
ASC 


~ 
Row 
~ 
Column 1 ~ 
Column2 
~ 
Column N ~/////~ 


tRCS 
I. 
tRCH 
tRCH 
tRCS 
tRRH 
, 
tRCS 
I 
//////////~V 
tCAC 
~~/ 
tCAC 
~/ 
tCAC 
~ 
tM 
tM 
tM 


I tACP 
, tACP 


tOFF 
tOFF 
tOFF_ 


)~~d 
Valid 
Valid 
." 
o 
ut1 
OUlput2 
Output N 
J 


tRAC 
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tpc 


tCAS 


IRSH 


tCAS 


ICSH 


IRCD 
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H8560256368-85/1 
0/12 


262,144-Word 
x 36-Bit High Density Dynamic RAM Module 


• 
DESCRIPTION 


The 
HB56D25636B 
is a 256K 
x 
36 dynamic 
RAM 
module, 


mounted 
8 pieces 
of 1Mbit 
DRAM 
(HM514256JP) 
sealed 
in SOJ 


package 
and 4 pieces 
of 256Kbit 
DRAM (HM51256CP) 
sealed 
in 


PLCC package. 
An outline of the HB56D25636B 
is 72-pin single in- 


line package. 
Therefore, 
the 
HB56D25636B 
makes 
high 
density 


mounting 
possible 
without 
surface 
mount 
technology. 
The 


HB56D25636B 
provides common 
data inputs and outputs. 
Decoup- 


ling capacitors 
are mounted 
beneath 
each SOJ and PLCC. 


• 
FEATURES 


• 72-Pin Single In-Line Package 


Lead Pitch 
1.27mm 


• Single 5V (± 5%) Supply 
• High Speed 


Access Time 
85/100/120ns 
(max.) 


• Low Power Dissipation 


Active Mode 
A.24/3.57/3.02mW 
(max.) 


Standby 
Mode 
126mW (max.) 


• Fast Page Mode Capability 
• 512 Refresh Cycle 
8ms 


• 2 Variations 
of Refresh 


RAS Only Refresh 
CAS Before RAS Refresh 


• TTL Compatible 


Access Time 


85ns 
lOOns 
120ns 


H8560256368-85 
H8560256368-10 
H8560256368-12 


72 pin SIP 
Socket Type 


00----------------00 


'1 
pin 
36 pin 


00---------------:00 


, 37 pin 
72 pin 


Pin No . 
Pin Name 
Pin No. 
Pin Name 


1 
Vss 
37 
DQ17 


2 
DQo 
38 
DQ35 


3 
DQI8 
39 
Vss 


4 
DQI 
40 
CASO 


5 
DQI9 
41 
CAS2 


6 
DQ2 
42 
CAS3 


7 
DQ20 
43 
CASI 


8 
DQ3 
44 
RASO 


9 
DQ21 
45 
NC 


10 
Vcc 
46 
NC 


II 
NC 
47 
WE 


12 
Ao 
48 
NC 


13 
AI 
49 
DQ9 


14 
A2 
50 
DQ27 


15 
A3 
51 
DQIO 


16 
A4 
52 
DQ28 


17 
A5 
53 
DQII 


18 
A6 
54 
DQ29 


19 
NC 
55 
DQI2 


20 
DQ4 
56 
DQ30 


21 
DQ22 
57 
DQ13 


22 
DQ5 
58 
DQ31 


23 
DQ23 
59 
Vcc 


24 
DQ6 
60 
DQ32 


25 
DQ24 
61 
DQ'4 


26 
DQ7 
62 
DQ33 


27 
DQ25 
63 
DQI5 


28 
A7 
64 
DQ34 


29 
NC 
65 
DQI6 


30 
Vcc 
66 
NC 


31 
A8 
67 
PD, 


32 
NC 
68 
PD2 


33 
NC 
69 
PD3 


34 
RAS2 
70 
PD4 


35 
DQ26 
71 
NC 


36 
DQ8 
72 
Vss 
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1101CAS RAS 
1102 
1/03 
02 
1104 
or 
~ 


0Q8 .O-----IDln/~MORAS 


CASl 


000 
0010 
0011 
0012 


RASO 
CASO 


000 
001 
002 
003 


0013 
0014 
0015 
0016 


1101CAS RAS 
1102 
1103 
04 
1104 
OE 


RAS 


D6 


1101CAS RAS 
1102 
1103 
03 
1104 
OE 
~ 


0026.0-----IDIn/~MF 
CAS3 


0027 
0028 
0029 
0030 


1101CAS RAS 
1102 
1103 
07 
1104 
OE 
~ 
I 
CAS RAS 
0035 .0----- 
Din/outM3 


AO-AS.0----. 
00-07, MO-M3 
WE 
-----. 
00-07, MO-M3 


Vcc 
=CO-Cll" 
00-07, MO-M3 


Vss 
=r= 
00-07, MO-M3 


RAS2 
CAS2 


0018 
0019 
0020 
0021 


0022 
0023 
0024 
0025 


0031 
0032 
0033 
0034 


'00-07 
: HM514256JP 


MO-M3: HM51256CP 
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5.~~ax 
I 
I 
d 


~~ 
lL 


~ 
_ 
1.372 
(~ 
IYP) 


0.047 
0.054 
0.05 


Note: The plating of the contact finger is gold. 


:-±0.25 max. 
I 
0.010 
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Pin Name 
Function 


AO 
- 
AS 
Address Input 


AO 
- 
AS 
Refresh Address Input 


DQo - 
DQ35 
Data-InlData-Out 


CASO, CAS3 
Column Address Strobe 


RASO, RAS2 
Row Address 
Strobe 


WE 
Read/Write 
Enable 


Vcc 
Power Supply (+ 5V) 


Vss 
Ground 


PDI 
- 
PD4 
Presence 
Detect Pin 


NC 
Non-Connection 


HB56D25636B 
Pin No. 
Pin Name 
85ns 
lOOns 
120ns 


67 
PDI 
Vss 
Vss 
Vss 


68 
PDz 
NC 
NC 
NC 


69 
PD3 
NC 
Vss 
NC 


70 
PD4 
Vss 
Vss 
NC 


Parameter 
Symbol 
Value 
Unit 


Voltage on Any Pin 
I (Input) 
V1N 
-1.0 to +7.0 
V 


Relative to Vss 
I (Output) 
VOUT 
-1.0 to +7.0 
V 


Supply Voltage Relative to Vss 
Vcc 
-1.0 to +7.0 
V 


Short Circuit Output Current 
IOUI 
50 
mA 


Power Dissipation 
PT 
12 
W 


Operating 
Temperature 
Toor 
o to +70 
°C 


Storage Temperature 
Tstg 
-55 to + 125 
°C 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


Supply Voltage 
Vss 
0 
0 
0 
V 


Vcc 
4.75 
5.0 
5.25 
V 
I 


Input High Voltage 
VlH 
2.4 
- 
5.5 
V 
I 


Input Low Voltage 
V1L 
-1.0 
- 
0.8 
V 
I 
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HB56D25636B 


Parameter 
Symbol 
Test Conditions 
-85 
-10 
-12 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Operating 
Current 
ICCI 
tRC = Min. 
- 
808 
- 
680 
- 
576 
mA 
1,2 


TTL Interface 
RAS, 


CAS = VIH, 
- 
24 
- 
24 
- 
24 
mA 


Standby Current 
ICC2 


DOUT = High-Z 


CMOS Interface 
RAS, 


CAS ~ Vcc -0.2V 
- 
12 
- 
12 
- 
12 
mA 


DOUT = High-Z 


RAS-Only 
ICC3 
tRC = Min. 
- 
808 
- 
680 
- 
576 
mA 
2 
Refresh Current 


RAS = VIH' 
Standby Current 
ICC5 
CAS = V1L, 
- 
64 
- 
64 
- 
64 
mA 
I 


DOUT = Enable 


CAS-Before-RAS 
ICC6 
tRC = Min. 
768 
660 
556 
mA 
Refresh Current 
- 
- 
- 


Page Mode Current 
ICC? 
tpc = Min. 
- 
764 
- 
680 
- 
576 
mA 
1,3 


Input Leakage Current 
ILl 
OV :s VIN :s 7V 
-10 
10 
-10 
10 
-10 
10 
pA 


Output Leakage 
lLO 
OV :s VOUT :s 7V, 
-10 
10 
-10 
10 
-10 
10 
p.A 
Current 
DOUT = Disable 


Output High Voltage 
VOH 
High lOUT = -5 mA 
2.4 
Vcc 
2.4 
Vcc 
2.4 
Vcc 
V 


Output Low Voltage 
VOL 
Low lOUT = 4.2mA 
0 
0.4 
0 
0.4 
0 
0.4 
V 


NOTES: 
I. Ice depends 
on output load condition 
when the device is selected, 
Ice max. is specified 
at the output open condition. 


2. Address 
can be changed 
less than three times while RAS = VIL. 


3. Address 
can be changed 
once or less while CAS = VIH. 


Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Input Capacitance 
(Address) 
CIl 
- 
88 
pF 
I 


Input Capacitance 
(WE) 
CI2 
- 
104 
pF 
I 


Input Capacitance 
(RAS) 
Cn 
- 
57 
pF 
I 


Input Capacitance 
(CAS) 
CI4 
- 
36 
pF 
I 


Output Capacitance 
CU01 
- 
17 
pF 
1,2 
(DQo-DQ?, 
DQ9-DQI6, 
DQlg-DQ25, 
DQ2TDQ34) 


Output Capacitance 
CU02 
- 
22 
pF 
1,2 
(DQg, DQ17, DQ26, DQ35) 


NOTES: 
I. Capacitance 
measured 
with Boonton 
Meter or effective 
capacitance 
measuring 
method. 


2. CAS = VIH to disable 
DOU1' 
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• 
AC CHARACTERISTICS 
(Ta = 0 to 70°C, 
VCC = 5V ± 5%, VSS = OV) (I), (12) 


• Read, Write and Refresh Cycle (Common 
Parameters) 


HB56D25636B-85 
HB56D25636B-IO 
HB56D25636B-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Random Read or Write Cycle Time 
tRC 
160 
- 
190 
- 
220 
- 
ns 


RAS Precharge 
Time 
tRP 
70 
- 
80 
- 
90 
- 
ns 


RAS Pulse Width 
tRAS 
80 
1ססoo 
100 
1ססoo 
120 
1ססoo 
ns 


CAS Pulse Width 
teAS 
25 
1ססoo 
25 
1ססoo 
30 
1ססoo 
ns 


Row Address Setup Time 
tASR 
0 
- 
0 
- 
0 
- 
ns 


Row Address Hold Time 
tRAH 
12 
- 
IS 
- 
IS 
- 
ns 


Column Address Setup Time 
tASC 
0 
- 
0 
- 
0 
- 
ns 


Column Address Hold Time 
teAH 
20 
- 
20 
- 
25 
- 
ns 


Column Address 
Hold Time to RAS 
tAR 
60 
- 
75 
- 
90 
- 
ns 


RAS to CAS Delay Time 
tRCD 
22 
55 
25 
75 
25 
90 
ns 
8 


RAS to Column Address Delay Time 
tRAD 
17 
45 
20 
55 
20 
65 
ns 
9 


RAS Hold Time 
tRSH 
25 
- 
25 
- 
30 
- 
ns 


CAS Hold Time 
tCSH 
85 
- 
100 
- 
120 
- 
ns 


CAS to RAS Precharge 
Time 
tCRP 
10 
- 
10 
- 
10 
- 
ns 


Transition Time (Rise and Fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
7 


Refresh Period 
tREF 
- 
8 
- 
8 
- 
8 
ns 
IS 


HB56D25636B-85 
HB56D25636B-1O 
HB56D25636B-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Access Time from RAS 
tRAC 
- 
85 
- 
100 
- 
120 
ns 
2, 3 


Access Time from CAS 
tCAC 
- 
25 
- 
25 
- 
30 
ns 
3,4 


Access Time from Address 
tAA 
- 
40 
- 
45 
- 
55 
ns 
3, 5 


Read Command 
Setup Time 
tRCS 
0 
- 
0 
- 
0 
- 
ns 


Read Command 
Hold Time to CAS 
tRCH 
0 
- 
0 
- 
0 
- 
ns 


Read Command 
Hold Time to RAS 
tRRH 
10 
- 
10 
- 
10 
- 
ns 


Column Address to RAS Lead Time 
tRAL 
40 
- 
45 
- 
55 
- 
ns 


Output Buffer Turn-Off Time 
loFF 
0 
20 
0 
25 
0 
30 
ns 
6 


HB56D25636B-85 
HB56D25636B-IO 
HB56D25636B-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS Setup Ti~ 
tCSR 
10 
- 
10 
- 
10 
- 
ns 
(CAS 
Before RAS Refresh Cycle) 


CAS Hold Time 
20 
20 
25 
(CAS 
Before RAS Refresh Cycle) 
teHR 
- 
- 
- 
ns 


RAS Precharge 
to CAS Hold Time 
tRPC 
IS 
- 
15 
- 
IS 
- 
ns 
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HB56D25636B-85 
HB56D25636B-1O 
HB56D25636B-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write 
Command 
Setup 
Time 
twcs 
0 
- 
0 
- 
0 
- 
ns 
10 


Write 
Command 
Hold 
Time 
tWCH 
20 
- 
25 
- 
30 
- 
ns 


Write 
Command 
Hold 
Time 
to RAS 
tWCR 
65 
- 
80 
- 
95 
- 
ns 


Write 
Command 
Pulse 
Width 
twP 
15 
- 
20 
- 
25 
- 
ns 


Data-In 
Setup 
Time 
tos 
0 
- 
0 
- 
0 
- 
ns 
1\ 


Data-In 
Hold 
Time 
tOH 
20 
- 
20 
- 
25 
- 
ns 
1\ 


Data-In 
Hold 
Time 
to RAS 
tOHR 
60 
- 
75 
- 
90 
- 
ns 


HB56D25636B-85 
HB56D25636B-10 
HB56D25636B-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Fast 
Page 
Mode 
Cycle 
Time 
tpc 
55 
- 
55 
- 
65 
- 
ns 


Fast 
Page 
Mode 
CAS 
Precharge 
Time 
tep 
10 
- 
15 
- 
20 
- 
ns 


Fast 
Page 
Mode 
RAS 
Pulse 
Width 
tRASC 
80 
10ססoo 
100 
10ססoo 
120 
10ססoo 
ns 
13 


Access 
Time 
from 
CAS 
Precharge 
tACP 
- 
50 
- 
50 
- 
60 
ns 
14 


RAS 
Hold 
Time 
from 
CAS 
Precharge 
tRHCP 
50 
- 
50 
- 
60 
- 
ns 


I. AC measurements 
assume 
tT = 5ns. 


2. Assumes 
that tRCD :S tRCD (max.) 
and tRAD :S tRAD(max.). 
If tRCD or tRAD is greater 
than the maximum 
recommended 
value shown in this table, tRACexceeds 
the value shown. 


3. Measured 
with a load circuit equivalent 
to 2 TTL loads and loopF. 


4. Assumes 
that tRCD " 
tRCD(max.), 
tRAD :S tRAD (max.). 


5. Assumes 
that tRCD :S tRCD (max.), 
tRAD " 
tRAD (max.). 


6. tOFF (max.) 
defines 
the time at which the output achieves 
the open circuit 
condition 
and is not referenced 
to output 
voltage levels. 


7. VIH (min.) 
and VIL (max.) 
are reference 
levels for measuring 
timing of input signals. 
Also, transition 
times are 
measured 
belween 
VIH and VIL. 


8. Operation 
with the tRCD (max.) 
limit insures that tRAC (max.) 
can be met, IRCD(max.) 
is specified 
as a reference 
point only, iftRCD is greater 
than the specified 
tRCD (max.) 
limit, then access time is controlled 
exclusively 
by tCAC. 


9. Operation 
with the tRAD(max.) 
limit insures 
that tRAC(max.) 
can be met, tRAD (max.) 
is specified 
as a reference 


point only, if tRAD is greater 
than the specified 
tRAD (max.) 
limit, then access time is controlled 
exclusively 
by tAA. 


10. Early write cycle only (twcs 
" 
twcs (min.». 


II. 
These parameters 
are referenced 
to CAS leading 
edge in an early write cycle. 


12. An initial pause of loo/,s is required 
after power up followed by a minimum 
of eight initialization 
cycles (any 


combination 
of cycles containing 
RAS clock such as RAS-only 
refresh). 


13. tRASCdefines RAS pulse width in fast page mode cycles. 


14. Access time is determined 
by the longer of tAA or !cAC or tAC~ 


15. tREF defines 
is 512 refresh 
cycles. 
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HB56D25636B-85/10/12 
--------------------------- 


• 
TIMING WAVEFORMS 


• Read Cycle 


tCAC 


tAA 


Valid 


tRAC 
au 
ut 


High-Z 


• 
HITACHI 
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tRC 


RAS 
tRAS 


tr 
RCD 
tCSH 


tCAS 


CAS 
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HB56D25636B-85/10/12 
--------------------------- 


• RAS Only Refresh Cycle 


1 WE 
: Don't care 


2 E222Zl : Don't care 


1 Address, 
Din: Don't care 


2 Dout: High-Z 


3 E222Zl : Don't care 
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ICSH 


IRCD 


IpC 


ICAS 


ICAC 


1M 


IACP 


IOFF 
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ICSH 


IRCD 


IpC 


ICAS 
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524,288-Word 
x 36-Bit High Density Dynamic RAM Module 


• 
DESCRIPTION 


The 
HB56D51236B 
is a 512K 
x 
36 dynamic 
RAM 
module, 
mounted 
16 pieces 
of 1Mbit DRAM (HM514256JP) 
sealed 
in SOJ 


package 
and 8 pieces 
of 256Kbit 
DRAM (HM51256CP) 
sealed 
in 


PLCC package. 
An outline of the HB56D51236B 
is 72-pin single in- 
line 
package. 
Therefore, 
the 
HB56D51236B 
makes 
high 
density 


mounting 
possible 
without 
surface 
mount 
technology. 
The 


HB56D51236B 
provides common 
data inputs and outputs. 
Decoup- 


ling capacitors 
are mounted 
beneath 
each SOJ and PLCC but only 


on the one side of its module 
board. 


• 
FEATURES 


• 72-Pin Single In-Line Package 


Lead Pitch 
1.27mm 


• Single 5V (± 5%) Supply 
• High Speed 
Access Time 
85/100/120ns 
(max.) 


• Low Power Dissipation 
Active Mode 
.4.58/3.91/3.36W 
(max.) 


Standby 
Mode 
252mW (max.) 


• Fast Page Mode Capability 
• 512 Refresh Cycle 
...........•...............•...... 
8ms 


• 2 Variations 
of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 


• TIL 
Compatible 


Part No. 


HB56D51236B-85 
HB56D51236B-1O 
HB56D51236B-12 


Access Time 


85ns 
lOOns 
120ns 


72 pin SIP 
Socket Type 


00----------------00 


'1 
pin 
36 pin 


00----------------00 


, 37 pin 
72 pin 


Pin No. 
Pin Name PinNa. 
Pin Name 


I 
Vss 
37 
DQI7 


2 
DQo 
38 
DQ3S 
3 
DQI8 
39 
Vss 


4 
DQI 
40 
CASO 


5 
DQI9 
41 
CAS2 


6 
DQ2 
42 
CAS3 


7 
DQ20 
43 
CASI 


8 
DQ3 
44 
RASO 


9 
DQ21 
45 
RASI 


10 
Vcc 
46 
NC 


II 
NC 
47 
WE 


12 
Ao 
48 
NC 


13 
AI 
49 
DQ9 


14 
A2 
50 
DQ27 


15 
A3 
51 
DQIO 


16 
A4 
52 
DQZ8 


17 
As 
53 
DQII 
18 
A6 
54 
DQ29 


19 
NC 
55 
DQI2 


20 
DQ4 
56 
DQ30 


21 
DQ22 
57 
DQ13 


22 
DQs 
58 
DQ31 
23 
DQ23 
59 
Vcc 


24 
DQ6 
60 
DQ32 


25 
DQ24 
61 
DQI4 


26 
DQ7 
62 
DQ33 


27 
DQ25 
63 
DQI5 
28 
A7 
64 
DQ34 


29 
NC 
65 
DQI6 


30 
Vcc 
66 
NC 


31 
A8 
67 
PDI 


32 
NC 
68 
PDz 


33 
RAS3 
69 
PD3 


34 
RAS2 
70 
PD4 


35 
DQ26 
71 
NC 


36 
DQ8 
72 
Vss 
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HB56D51236B·85110112 -------------------------- 


• 
PIN DESCRIPTION 


Pin Name 
Function 


Ao - 
Ag 
Address Input 


Ao-Ag 
Refresh Address Input 


DQo - 
DQ35 
Data-In/Data-Out 


CASO - 
CAS3 
Column Address Strobe 


RASO - 
RAS3 
Row Address Strobe 


WE 
Read/Write 
Enable 


Vcc 
Power Supply (+ 5V) 


Vss 
Ground 


PDt 
- 
PD4 
Presence 
Detect Pin 


NC 
Non-Connection 


HB56D51236B 
Pin No. 
Pin Name 
85ns 
lOOns 
120ns 


67 
PD1 
NC 
NC 
NC 


68 
PD2 
Vss 
Vss 
Vss 


69 
PD3 
NC 
Vss 
NC 


70 
PD4 
Vss 
Vss 
NC 


Parameter 
Symbol 
Value 
Unit 


Voltage on Any Pin 
I (Input) 
VIN 
-\.Oto 
+7.0 
V 
Relative to Vss 
I (Output) 
VOUT 
-\.O to +7.0 
V 


Supply Voltage Relative to Vss 
Vcc 
-\.Oto 
+7.0 
V 


Short Circuit Output Current 
lout 
50 
mA 


Power Dissipation 
PT 
12 
W 


Operating 
Temperature 
Toor 
o to +70 
°C 


Storage Temperature 
Tst• 
-55 to + 125 
°C 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


Supply Voltage 
Vss 
0 
0 
0 
V 


Vcc 
4.75 
5.0 
5.25 
V 
1 


Input High Voltage 
VIH 
2.4 
- 
5.5 
V 
I 


Input Low Voltage 
V1L 
-\.O 
- 
0.8 
V 
I 
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• 
BLOCK DIAGRAM 


RASO 
CASO 


000 
001 
002 
003 


004 
005 
006 
007 


008 
0 


CASl 


009 
0010 
0011 
0012 


0013 
0014 
0015 
0016 


00170 


RAS2 
CAS2 


0018 
0019 
0020 
0021 


0022 
0023 
0024 
0025 


00260 


CAS3 


0027 
0028 
0029 
0030 


0031 
0032 
0033 
0034 


00350 


AD-AS 0 


WE 
0 


"00-015 
: HM514256JP 
Vcc 


MO-M7 : HM51256CP 
Vss 


VOl CAS RAS 
V02 
V03 
03 
V04 
OE 
~ 
-----IOin/~MORAS 


VOl CAS RAS 
V02 
V03 
04 
V04 
OE 


VOl CAS RAS 
V02 
V03 
07 
V04 
OE 
~ 
_____ 
1 
CAS RAS 
Din/outM2 


VOl CAS RAS 
V02 
V03 
08 
V04 
OE 


VOl CAS RAS 
V02 
V03 
011 
V04 
OE~------ 
I 
CAS RAS 
----- 
DIn/outM4 


VOl CAS RAS 
V02 
V03 
015 
V04 
OE 
~ 
_-----tIOin/~:SM~S 


-----. 
00-015, 
MO-M7 
-----. 
00-015, 
MO-M7 
::or:: 
• 00-015, 
MO-M7 
CO-Cll 
::or:: 
• 00-015, 
MO-M7 


CAS 


OS 


VOl RAS CAS 
V02 
V03 
D9 
V04 
OE 


VOl RAS CAS 
V02 
V03 
010 
V04 
OE 


VOl RAS CAS 
V02 
V03 
014 
V04 
OE 
~ 
I 
RAS CAS 
----DIn/out 
M7 
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• 


~:~max I 
I~, 
~~ 
IL 


~ 
_ 
1.372 
(!:ll. 
IYP) 
0.047 
0.054 
0.05 


Nole: The plating 
of the contact 
finger 
is gold. 


CJOOOODDO 


=-=::!= 0.25 
max. 
t 
0.010 
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HB56D51236B 


Parameter 
Symbol 
Test Conditions 
-85 
-10 
-12 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Operating 
Current 
ICCl 
tRC = Min. 
- 
872 
- 
744 
- 
640 
mA 
1,2 


TTL Interface RAS, 
CAS = VIH, 
- 
48 
- 
48 
- 
48 
mA 


Standby Current 
Iccz 
DOUT = High-Z 


CMOS Interface 
RAS, 
CAS ~ Vcc -o.2V 
- 
24 
- 
24 
- 
24 
mA 
DOUT = High-Z 


RAS-Only 
ICC3 
tRC = Min. 
- 
872 
- 
744 
- 
640 
mA 
2 
Refresh Current 


RAS = VIH, 
Standby Current 
Iccs 
CAS = VIL, 
- 
128 
- 
128 
- 
128 
mA 
I 
DOUT = Enable 


CAS-Before-RAS 
ICC6 
tRC = Min. 
832 
724 
620 
mA 
Refresh Current 
- 
- 
- 


Page Mode Current 
ICC7 
tpc = Min. 
- 
828 
- 
744 
- 
640 
mA 
1,3 


Input Leakage Current 
ILl 
OV :5 VlN :5 7V 
-10 
10 
-10 
10 
-10 
10 
p.A 


Output Leakage 
ILO 
OV :5 VOUT :5 7V, 
-10 
10 
-10 
10 
-10 
10 
p.A 
Current 
DOUT = Disable 


Output High Voltage 
VOH 
High lOUT = -5 mA 
2.4 
Vcc 
2.4 
Vcc 
2.4 
Vcc 
V 


Output Low Voltage 
VOL 
Low lOUT = 4.2mA 
0 
0.4 
0 
0.4 
0 
0.4 
V 


NOTES: 
I. lee depends 
on output 
load condition 
when the device is selected, 
lee max. is specified 
at the output open condition. 


2. Address 
can be changed 
less than three times while RAS = VIL. 


3. Address 
can be changed 
once or less while CAS = V IH. 


Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Input Capacitance 
(Address) 
Cll 
- 
161 
pF 
I 


Input Capacitance 
(WE) 
Cu 
- 
193 
pF 
I 


Input Capacitance 
(RAS, CAS) 
Cl3 
- 
62 
pF 
I 


Output Capacitance 
Cliot 
- 
29 
pF 
1,2 
(DQo-DQ7' 
DQ9-DQI6, 
DQlS-DQZS, DQZ7-DQ34) 


Output Capacitance 
CI/02 
- 
39 
pF 
1,2 
(DQs, DQ17' DQz6' DQ3S) 


NOTES: 
I. Capacitance 
measured 
with Boonton 
Meter or effective 
capacitance 
measuring 
method. 


2. CAS = VIH to disable 
D",". 
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• 
AC CHARACTERISTICS 
(T. = 0 to 70°C, 
Vcc = 5V ± 5%, Vss = OV) (I), (12) 


• Read, Write and Refresh Cycle (Common 
Parameters) 


HB56D51236B-85 
HB56D51236B-10 
HB56D51236B-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Random Read or Write Cycle Time 
tRC 
160 
- 
190 
- 
220 
- 
ns 


RAS Precharge 
Time 
tRP 
70 
- 
80 
- 
90 
- 
ns 


RAS Pulse Width 
tRAS 
80 
1ססoo 
100 
1ססoo 
120 
1ססoo 
ns 


CAS Pulse Width 
teAS 
25 
1ססoo 
25 
1ססoo 
30 
1ססoo 
ns 


Row Address Setup Time 
tASR 
0 
- 
0 
- 
0 
- 
ns 


Row Address Hold Time 
tRAH 
12 
- 
I5 
- 
I5 
- 
ns 


Column Address Setup Time 
tASC 
0 
- 
0 
- 
0 
- 
ns 


Column Address Hold Time 
teAH 
20 
- 
20 
- 
25 
- 
ns 


Column Address Hold Time to RAS 
tAR 
60 
- 
75 
- 
90 
- 
ns 


RAS to CAS Delay Time 
tRCD 
22 
55 
25 
75 
25 
90 
ns 
8 


RAS to Column Address Delay Time 
tRAD 
17 
45 
20 
55 
20 
65 
ns 
9 


RAS Hold Time 
tRSH 
25 
- 
25 
- 
30 
- 
ns 


CAS Hold Time 
teSH 
85 
- 
100 
- 
120 
- 
ns 


CAS to RAS Precharge 
Time 
teRP 
10 
- 
10 
- 
10 
- 
ns 


Transition 
Time (Rise and Fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
7 


Refresh Period 
tREF 
- 
8 
- 
8 
- 
8 
ns 
15 


HB56D51236B-85 
HB56D51236B-10 
HB56D51236B-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Access Time from RAS 
tRAC 
- 
85 
- 
100 
- 
120 
ns 
2, 3 


Access Time from CAS 
teAC 
- 
25 
- 
25 
- 
30 
ns 
3,4 


Access Time from Address 
tAA 
- 
40 
- 
45 
- 
55 
ns 
3,5 


Read Command 
Setup Time 
tRCS 
0 
- 
0 
- 
0 
- 
ns 


Read Command 
Hold Time to CAS 
tRCH 
0 
- 
0 
- 
0 
- 
ns 


Read Command 
Hold Time to RAS 
tRRH 
10 
- 
10 
- 
10 
- 
ns 


Column Address to RAS Lead Time 
tRAL 
40 
- 
45 
- 
55 
- 
ns 


Output Buffer Thrn-Off Time 
toFF 
0 
20 
0 
25 
0 
30 
ns 
6 


HB56D51236B-85 
HB56D51236B-10 
HB56D51236B-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Command 
Setup Time 
twcs 
0 
- 
0 
- 
0 
- 
ns 
10 


Write Command 
Hold Time 
tWCH 
20 
- 
25 
- 
30 
- 
ns 


Write Command 
Hold Time to RAS 
tWCR 
65 
- 
80 
- 
95 
- 
ns 


Write Command 
Pulse Width 
twP 
15 
- 
20 
- 
25 
- 
ns 


Data-In Setup Time 
tDS 
0 
- 
0 
- 
0 
- 
ns 
I1 


Data-In Hold Time 
tDH 
20 
- 
20 
- 
25 
- 
ns 
I1 


Data-In Hold Time to RAS 
tDHR 
60 
- 
75 
- 
90 
- 
ns 
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HB56D51236B-85 
HB56D51236B-IO 
HB56D51236B-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS 
Setup 
Time 
teSR 
10 
- 
10 
- 
10 
- 
ns 
(CAS 
Before 
RAS 
Refresh 
Cycle) 


CAS 
Hold 
Time 
teHR 
20 
20 
25 
(CAS 
Before 
RAS 
Refresh 
Cycle) 
- 
- 
- 
ns 


RAS 
Precharge 
to CAS 
Hold 
Time 
tRPC 
15 
- 
15 
- 
IS 
- 
ns 


HB56D51236B-85 
HB56D51236B-IO 
HB56D51236B-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Fast 
Page 
Mode 
Cycle 
Time 
tpc 
55 
- 
55 
- 
65 
- 
ns 


Fast 
Page 
Mode 
CAS 
Precharge 
Time 
tep 
10 
- 
15 
- 
20 
- 
ns 


Fast 
Page 
Mode 
RAS 
Pulse 
Width 
tRASC 
80 
10ססoo 
100 
10ססoo 
120 
10ססoo 
ns 
13 


Access 
Time 
from 
CAS 
Precharge 
tACP 
- 
50 
- 
50 
- 
60 
ns 
14 


RAS 
Hold 
Time 
from 
CAS 
Precharge 
tRHCP 
50 
- 
50 
- 
60 
- 
ns 


1. AC measurements 
assume 
tT = 5ns. 


2. Assumes 
that tRCD :S tRCD (max.) 
and tRAD :S tRAD (max.). 
If tRCDortRAD is greater 
than the maximum 


recommended 
value shown in this table, tRACexceeds 
the value shown. 


3. Measured 
with a load circuit equivalent 
to 2 TIL 
loads and lOOpF. 


4. Assumes 
that tRCD ~ tRCD (max.), 
tRAD :S tRAD (max.). 


5. Assumes 
that tRCD :S tRCD(max.), 
tRAD ~ tRAD (max.). 


6. !oFF (max.) 
defines 
the time at which the output achieves 
the open circuit condition 
and is not referenced 
to output 


voltage levels. 


7. VIH (min.) 
and VIL (max.) 
are reference 
levels for measuring 
timing of input signals. 
Also, transition 
times are 


measured 
between 
VIH and VIL. 


8. Operation 
with the tRCD (max.) 
limit insures that tRAC (max.) 
can be met, tRCD (max.) 
is specified 
as a reference 


point only, if tRCD is greater 
than the specified 
tRCD (max.) 
limit, then access time is controlled 
exclusively 
by tCAC. 


9. Operation 
with the tRAD (max.) 
limit insures 
that tRAC(max.) 
can be met, tRAD (max.) 
is specified 
as a reference 
point only, if tRADis greater 
than the specified 
tRAD (max.) 
limit, then access time is controlled 
exclusively 
by tAA. 


10. Early write cycle only (twcs 
~ twcs (min.». 


II. 
These parameters 
are referenced 
to CAS leading edge in an early write cycle. 


12. An initial pause of 1001'S is required 
after power up followed by a minimum 
of eight initialization 
cycles 
(any 
combination 
of cycles containing 
RAS clock such as RAS-only 
refresh). 


13. tRASCdefines 
RAS pulse width in fast page mode cycles. 


14. Access time is determined 
by the longer of tAA or tCACor tACP. 


15. tREF defines 
is 512 refresh cycles. 
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HB56D51236B-85/10/12 
-------------------------- 


• 
TIMING 
WAVEFORMS 


• Read Cycle 


tCAC 


tM 


Valid 
tRAC 
Ou ut 


High-Z 


• 
HITACHI 
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lAC 
lRAS 


1 WE 
: Don't care 


2 ~ 
: Don't care 


1 Address, Din: Don't care 
2 Dout: High-Z 
3 ~ 
: Don't care 
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lRASC 
----... 
IRHCP 
RAS 
1\ 
I 
~ 
-.!4 
ICSH 
IpC 
IRSH 
IRP 


IRCO 
ICAS 
ICAS 
ICAS 
~ICRP 


CAS 
\ 
,; 
1\ 
/ 
'\ 
- 
lRAO 
lcp 
lRAL 
~ 
ICAH 
~ 
I ~CAH. 
IAS 
...=-.. 


IASC 
R 
IASC 
ASC 


Address 
~ 
Row @ 
Column1 $ 
Column2 
~ 
ColumnN W//////h 


IRCS 
J 
IRCH 
I 
tRCH 
IRCS 
IRRH 
IRCS 
I 


// 
/ 
/ 
/ 
/////~" 
ICAC 


lAA 


ICAC 


lAA 


IACP 


IOFF 


ICAC 


lAA 


IACP 


IOFF 
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tCSH 


tRCO 


tpc 


tCAS 
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HB56A48A/ 
AT/B-8/10/12 
8-Bit DRAM 


4,194,304-Word 
x 8-Bit High Density 
Dynamic RAM Module 


The HB56A48 is a 4M x 8 dynamic RAM module, mounted eight 
4Mbit DRAM (HM514100JP) sealed in SOJ package. An outline of the 
HB56A48 is 30-pin single in-line package having Lead types 
(HB56A48A, 
HB56A48AT), Socket type (HB56A48B). Therefore, the 
HB56A48 makes high density mounting 
possible without surface 


mount technology. 
The HB56A48 provides common data inputs and 


outputs. 
Its module board has decoupling 
capacitors 
beneath each 


SOJ. 


• 
30-pin single in-line package 
-Lead 
pitch 
. 


• 
Single 5V (± 10%) supply 


• 
High Speed 
Access time. 


• 
Low power dissipation 
-Active 
mode 
. 


-Standby 
mode .. 


• 
Fast page mode capability 


• 
1,024 refresh cycle/16ms 


• 
3 variations 
of refresh 
-RAS 
only refresh 


-CAS 
before RAS refresh 
-Hidden 
refresh 


• 
TIL 
compatible 


. ... 3.96W/3.52W/3.08W 
(max.) 


. .... 
88mW (max.) 


Pin No. 
Pin Name 
Pin No. 
Pin Name 


I 
Vcc 
16 
00. 


2 
CAS 
17 
Ag 


3 
DQo 
18 
A9 


4 
Ao 
19 
AIO 


5 
A, 
20 
OOs 


6 
DQ, 
21 
WE 


7 
Az 
22 
Vss 


8 
A3 
23 
006 


9 
Vss 
24 
NC 


10 
DQz 
25 
007 


11 
A. 
26 
NC 


12 
As 
27 
RAS 


13 
003 
28 
NC 


14 
A6 
29 
NC 


15 
A7 
30 
Vcc 


Package 
Access Time 
30-pin SIP 
30-pin SIP Low Profile 
30'-pin SIP 


Lead Type 
Lead Type 
SocketType 


80ns 
HB56A48A-8 
HB56A48AT-8 
HB56A48B-8 


lOOns 
HB56A48A-10 
HB56A48AT-10 
HB56A48B-IO 


120ns 
HB56A48A-12 
HB56A48AT-12 
HB56A48B-12 


Pin Name 
Function 


Ao-A,o 
Address Input 


Ao-A9 
RefreshAddress Input 


RAS 
Row Address Strobe 


CAS 
Column Address Strobe 


WE 
Read/Write Enable 


DQo~DQ7 
Data-inlData-out 


Vcc 
Power Supply ( + 5V) 


Vss 
Ground 


NC 
Non-connection 
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M1 
AO-A1O 
Din 


RAS 
Dout 


CAS 


WE 


RAS 
27 


CAS 
(2) 


WE (21) 


Din 


Dout 


M5 
AO-A10 
Din 


RAS 
Dout 


CAS 


WE 


Vcc 
(1) 
~ 
•• M1-8Vcc 
Vcc~ 
--l- 
:J T 
C=O.22IJFx8 
Vss 
_ 
Vss 22 
~------"-M1 
- 8Vss 


(13) D03 


(10) D02 


(6) D01 


(3) 
DOO 


(25) DQ7 


(23) DOG 


(20) D05 


(16) D04 
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.~P~H~Y~S:IC:A:L~O:U:T~L=I:N:-E----------------------- 


• HB56A48A 
Series 


Io 
°0 
" " " " 


3.175 
~ ~ 0125 
"'0 


"o 


~~'ir- 


82.14 
3.234 
73.66 
A 
2.90 


Note: 
The plating 
of th· 
. 
e contact 
finger 
is solder 
coal. 


J L1.27 
--rro.os 


Hitachi America, Ltd.... 
~ 
HITACHI 
Hitachi Plaza· 2000 S· 
. 
lerra POintPkwy • B . b 
. 
ns ane, CA 94005-18·19 • (415) 589-8300 
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Parameter 
Symbol 
Value 
Unit 


Voltage on any Pin 
VT 
-1.0 to +7.0 
V 
Relative to Vss 


Supply Voltage 
Vcc 
-1.0 to +7.0 
V 
Relative to Vss 


Short Circuit Output Current 
lOUl 
50 
mA 


Power Dissipation 
PT 
8 
W 


Operating Temperature 
Topr 
o to +70 
°C 


Storage Temperature 
Tstg 
-55 to + 125 
°C 


• 
ELECTRICAL 
CHARACTERISTICS 


• Recommended 
DC Operating 
Conditions 
(T A = 0 to +70°C) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


Vss 
0 
0 
0 
V 


Supply Voltage 


Vcc 
4.5 
5.0 
5.5 
V 
I 


Input High Voltage 
V'H 
2.4 
- 
5.5 
V 
I 


Input Low Voltage 
VtL 
-1.0 
- 
0.8 
V 
I 


HB56A48A/AT/B-8 
HB56A48A1AT/B-Kl 
HB$6A48A1ATlB-12 
Parameter 
Symbol 
Unit 
Test Condition 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


Operating 
Current 
Icc1 
- 
720 
- 
640 
- 
560 
mA 
tRC = min 
1,2 


TTL Interface 


- 
16 
- 
16 
- 
16 
mA 
RAS, CAS = VtH 
DOUI = High-Z 


Standby Current 
ICC2 


CMOS Interface RAS, 


- 
8 
- 
8 
- 
8 
mA 
CAS ~ VCC - 0.2V 
DOUI = High-Z 


RAS Only Refresh Current 
ICC3 
- 
720 
- 
640 
- 
560 
mA 
tRC = min 
2 


RAS = V'H 


Standby Current 
Iccs 
- 
40 
- 
40 
- 
40 
mA 
CAS = V1L 
I 


DOUI = Enable 


CAS Before RAS Refresh Current 
ICC6 
- 
720 
- 
640 
- 
560 
mA 
tRC = min 


Page Mode .Current 
ICC7 
- 
720 
- 
640 
- 
560 
mA 
tpc = min 
1,3 


Input Leakage Current 
III 
-10 
10 
-10 
10 
-10 
10 
I'A 
OV s V1N S 7V 


Output Leakage Current 
lLO 
-10 
10 
-10 
10 
-10 
10 
I'A 


OV s VOUT S 7V 
Dout = Disable 


Output High Voltage 
VOH 
2.4 
Vcc 
2.4 
Vcc 
2.4 
Vcc 
V 
High 10"' = -5mA 


Output Low Voltage 
VOL 
0 
0.4 
0 
0.4 
0 
0.4 
V 
Low 10", = 4.2mA 


NOTE: 
I. 
Ice 
depends 
on OUlpul 
load condition 
when 
the device 
is selected. 
Ice 
max. 
is specified 
at the output 
open condition. 


2. Add~ss 
can be changed 
less than Ihrer 
times white 
RAS 
:: 
VtL. 


3. Add~ss 
can be changed 
once or le~~ CAS:: VIH. 
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Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Input Capacitance (Address) 
Cli 
- 
65 
pF 
I 


Input Capacitance (Clock) 
CI2 
- 
81 
pF 
I 


Input/Output 
Capacitance (DQo-DQ7) 
CI/O 
- 
30 
pF 
1,2 


• AC Characteristics 
(T A = 0 to 70·C. 
Vcc = 5V ± 10%, Vss = OV) I. 12. 15 


• Read, Write and Refresh 
Cycle (Common 
Parameters) 


HB56A48A/AT/B-8 
HB56A48A/ AT/B-IO 
HB56A48A1AT/B-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Random Read or Write Cycle Time 
tRC 
160 
- 
190 
- 
220 
- 
ns 


RAS Precharge Time 
tRP 
70 
- 
80 
- 
90 
- 
ns 


RAS Pulse Width 
tRAS 
80 
1ססoo 
100 
1ססoo 
120 
1ססoo 
ns 


CAS Pulse Widlh 
teAS 
25 
1ססoo 
25 
1ססoo 
30 
1ססoo 
ns 


Row Address Set-up Time 
tASR 
0 
- 
0 
- 
0 
- 
ns 


Row Address Hold Time 
tRAH 
12 
- 
15 
- 
15 
- 
ns 


Column Address Set-up Time 
IASC 
0 
- 
0 
- 
0 
- 
ns 


Column Address Hold Time 
teAH 
15 
- 
20 
- 
25 
- 
ns 


RAS to CAS Delay Time 
tRCD 
22 
55 
25 
75 
25 
90 
ns 
8 


RAS to Column Address Delay Time 
tRAD 
17 
40 
20 
55 
20 
65 
ns 
9 


RAS Hold Time 
tRSH 
25 
- 
25 
- 
30 
- 
ns 


CAS Hold Time 
teSH 
80 
- 
100 
- 
120 
- 
ns 


CAS to RAS Precharge Time 
teRP 
10 
- 
10 
- 
10 
- 
ns 


Transition Time (Rise and Fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
7 


Refresh Period 
tREF 
- 
16 
- 
16 
- 
16 
ns 
17 


HB56A48A/AT/B-8 
HB56A48A/AT/B-10 
HB56A48A/AT/B-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Access Time From RAS 
tRAC 
- 
80 
- 
100 
- 
120 
ns 
2,3,16 


Access Time From CAS 
teAC 
- 
25 
~ 
25 
- 
30 
ns 
3,4,14 


Access 
Time From Address 
tAA 
- 
40 
- 
45 
- 
55 
ns 
3,5, 
14, 16 


Read Command Set-up Time 
tRCS 
0 
- 
0 
- 
0 
- 
ns 


Read Command Hold Time to CAS 
tRCH 
0 
- 
0 
- 
0 
- 
ns 


Read Command Hold Time to RAS 
tRRH 
10 
- 
10 
- 
10 
- 
ns 


Column Address to RAS Lead Time 
tRAL 
40 
- 
45 
- 
55 
- 
ns 


Output Buffer Turn-off Time 
!oFF 
0 
20 
0 
25 
0 
30 
ns 
6 
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HB56A48A/AT/B-8 
. HB56A48A/AT/B-IO 
HB56A48A/AT/B-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max.. 
Min. 
Max. 
Min. 
Max. 


Write 
Command 
Set-up 
Time 
twcs 
0 
- 
0 
- 
0 
- 
ns 
10 


Write 
Command 
Hold 
Time 
tWCH 
15 
- 
20 
- 
·25 
- 
ns 


Write 
Command 
Pulse 
Width 
twP 
15 
- 
20 
- 
25 
- 
ns 


Write 
Command 
to RAS 
Lead 
Time 
lRWL 
25 
- 
25 
- 
30 
- 
ns 


Write 
Command 
to CAS 
Lead 
Time 
tewL 
25 
- 
25 
- 
30 
- 
ns 


Dala-in 
Set-up 
Time 
tos 
0 
- 
0 
- 
0 
- 
ns 
II 


Dala-in 
Hold 
Time 
tOH 
15 
- 
20 
- 
25 
- 
ns 
II 


HB56A48A/AT/B-8 
HB56A48AIAT/B-IO 
HB56A48AI 
AT IB-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS 
Set-up 
Time 


teSR 
10 
- 
10 
- 
10 
- 
ns 
(CAS 
Before 
RAS 
Refresh 
Cycle) 


CAS 
Hold 
Time 


20 
20 
25 
(CAS 
Before 
RAS 
Refresh 
Cycle) 
teHR 
- 
- 
- 
ns 


RAS 
Precharge 
to CAS 
Hold 
Time 
tRPC 
10 
- 
10 
- 
10 
- 
ns 


HB56A48A/AT/B-8 
HB56A48A/AT/B-IO 
HB56A48A/AT/B-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Fast 
Page 
Mode 
Cycle 
Time 
tpc 
55 
- 
55 
- 
65 
- 
ns 


Fast 
Page 
Mode 
CAS 
Precharge 
Time 
tcp 
10 
- 
10 
- 
15 
- 
ns 


Fast 
Page 
Mode 
RAS 
Pulse 
Width 
tRASC 
- 
10ססoo 
- 
10ססoo 
- 
10ססoo 
ns 
13 


Access 
Time 
From 
CAS 
Precharge 
lACP 
- 
50 
- 
50 
- 
60 
ns 
14,16 


RAS 
Hold 
Time 
From 
CAS 
Precharge 
tRHCP 
50 
- 
50 
- 
60 
- 
ns 


HB56A48A/AT/B-8 
HB56A48A1AT/B-10 
HB56A48A1AT/B-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Test 
Mode 
WE 
Set-up 
Time 
tws 
0 
- 
0 
- 
0 
- 
ns 


Test 
Mode 
WE 
Hold 
Time 
tWH 
20 
- 
20 
- 
20 
- 
ns 


NOTES: 


I. AC measur~mc=nlS assume IT :: 5ns. 


2. Assumes IhailReD 
::5 IReD (max) and IRAD :S IRAD (max). JftRCO or tRAD is 
grealcr 
(han the maximum 
recommended 
value 
shown 
in (his table. 
(RAC exceeds 
the value 
shown. 


3. Measured 
wllh 
a load circuit 
equivalcnllo 
2TIL 
loads 
and 
100pF. 


4. 
Assumes 
IhailReD 
~ 
IReD 
(max). 
IRAD 
S 
IHAD 
(max). 


5. Assumes IhailReD 
::5 IReD (max), 'RAD ~ IRAD (max). 


6. 
'OFF (max) 
defines 
the lime 
al which 
the output 
achieves 
the open 
circuil 
condition 


and 
is not referenced 
to output 
voltage 
levels. 


7. VIH (min) 
and 
VIL (mu.) 
are reference 
levels 
for measuring 
timing 
of input 
sIgnals 


Also. 
transition 
limes 
are measured 
between 
VIH and 
VIL. 


8. Operation 
with 
the tRCD (max) 
limit 
in~ures 
that tRAC (max) 
can be met. 
tRCD 


(max) 
is specified 
as a reference 
point 
only. 
if tRCD is greater 
than the specified 


tRCD (max) 
limit. 
then access 
time 
is controlled 
exclusively 
by tCAC. 


9. Operation 
with 
the tRAD (mu.) 
limit 
in"ures 
that tRAC (max) 
can be met. 
tRAD 
(max) 
is speCified 
as a reference 
point 
only. 
if tRAD is greater 
than Ihe spc"ificd 
tRAD (max) 
limit 
then access 
time 
is controlled 
exclusively 
by IAA. 


10. Early 
wrile 
cycle 
only 
(tWCS 
~ 
twcs 
(min» 


II. 
These 
parometers 
are refercn.:ed 
to CAS 
leading 
edge 
in an early 
write 
cycle. 


12. An initial 
pause 
of lOOps is required 
after 
~'er 
up foll~-.£l 
a minimum 
of eight 


initialization 
cycles 
(an) 
combination 
of cycles 
containing 
RAS clock 
such 
as 


RAS-only 
refresh). 


13. 'RASC defines 
RAS pulse 
width 
in fasl page 
mode 
cycles. 


14. Acces~ 
time 
IS detennined 
by the longer 
of tAA or tCAC or tACP. 


15. Tesl mode 
operation 
specified 
in this data 
sheet 
is 8-bit 
test function 
controlled 
by 


control 
address 
bits-RA 
10. CA 10 and CAO. 
This 
test mode 
operation 
can be 


performed 
by WE and CAS 
before 
RAS (WeBR) 
refresh 
cycle. 
Refresh 
during 
test 
mode 
operation 
will be perfonned 
by normal 
read cycles 
or by weBR 
refresh 


cycles. 
When 
the state 
of eight 
test bits accord 
each 
other. 
the condition 
of the 


output 
data 
is high 
level. 
When 
the state 
oflesl 
bits do not accord. 
the condition 
of 


the output 
data 
is low level. 
Data output 
pin is Ooot 
and data 
input 
pin is Din. 
In 
order 
10 end this test mode 
operation. 
perform 
a RAS only 
refresh 
cycle 
or a CAS 


before 
RAS 
refresh 
cycle. 


16. In a lcst mode 
read cycle. 
the value 
OfIRAC. 
tAA and 
tACP is delayed 
for 2ns to 5ns 


for the specified 
value. 
These 
parameters 
should 
be specified 
in lesl mode 
cycles 
by 
adding 
the above 
value 
10 the specified 
value 
in this data sheet. 


17. tREF defines 
is 1.024 
refresh 
cycles. 
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• 
TIMING WAVEFORM 


• Read Cycle 
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Address 


Dout 


2 
Oout: High-Z 


3 ~ 
: Don"teare 


.• WE .VIH 
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1 CBR or RAS only refresh 


2 rzzn :Don' 
care 


3 Address, 
Din: Don' 
care 


Address 
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• 
TEST 
MODE 
RESET 
CYCLE 


• CAS Before 
RAS Refresh 
Cycle 


1 rz:z:z:;l :Don't care 


2 Refresh 
Address: 
AO-A9 


(AXO-AX9) 
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HB56A49A/ 
AT/B-8/10/12 
9-Bit DRAM 


4,194,304-Word x 9 Bit High Density 
Dynamic RAM Module 


The HB56A49 is a 4M x 9 dynamic RAM module, mounted nine 4Mbit 
DRAM (HM514100JP) sealed in SOJ package. An outline of the 
HB56A49 is 3O-pin single in-line package having Lead types 
(HB56A49A, 
HB56A49AT), Socket type (HB56A49B). 
Therefore, the 
HB56A49 makes high density mounting 
possible without surface 


mount technology. 
The HB56A49 provides common data inputs and 


outputs and also provides separate 110on parity bit for parity check. Its 
module board has decoupling 
capacitors 
beneath each SOJ. 


• 
30-pin single in-line package 
-Lead 
pitch ..........................•... 
, •....... 
2.54mm 


• 
Single 5V (± 10%) supply 


• 
High Speed 
Access time 
. 


• 
Low power dissipation 
-Active 
mode 
... 4455mW/3960mW/3465mW 
(max.) 


-Standby 
mode. 
. . . . . . . . . . 
. .. 99mW (max.) 


• 
Fast page mode capability 


• 
1,024 refresh cycle/16ms 


• 
3 variations 
of refresh 


-RAS 
only refresh 


-CJ\S 
before RAS refresh 
-Hidden 
refresh 


• 
TIL 
compatible 


._- 


Package 


Access Time 
30-pin SIP 
30-pin SIP Low Profile 
30-pin SIP 
Lead Type 
Lead Type 
Socket Type 


SOns 
HB56A49A-8 
HB56A49AT-8 
HB56A49B-8 


lOOns 
HB56A49A-10 
HB56A49AT-IO 
HB56A49B-10 


120ns 
HB56A49A-12 
HB56A49AT-12 
HB56A49B-12 


I ~T----------------"? 
I 


1 pin 
30 
pin 


Pin No. 
Pin Name 
Pin No. 
Pin Name 


I 
Vcc 
16 
DQ. 


2 
CAS 
17 
As 


3 
000 
18 
A9 


4 
Ao 
19 
AJO 


5 
A, 
20 
OOs 


6 
DQ, 
21 
WE 


7 
A2 
22 
Vss 


8 
A) 
23 
006 


9 
Vss 
24 
NC 


10 
002 
25 
DQ7 


II 
A. 
26 
PQ 


12 
As 
27 
RAS 


13 
00) 
28 
PCAS 


14 
A6 
29 
PO 


15 
A7 
30 
Vcc 


Pin Name 
Function 


Ao-A,O 
Address Input 


Ao-A9 
Refresh Address Input 


RAS 
Row Address Strobe 


CAS, PCAS 
Column Address Strobe 


WE 
Read/Write Enable 


OOO-DQ7 
Data-inlData-out 


PO 
Parity Data-in 


PQ 
Parity Data-out 


Vcc 
PowerSupply (+ 5V) 


Vss 
Ground 


NC 
Non-connection 
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AO 


A1 


A2 


A3 


A4 
M4 
AS 
(13) 003 


A6 


A7 
Din 


A8 


A9 
(6) 
001 


A10 
M1 
(3) 
000 
AO-A10 
Din 


RAS 
27 
RAS 
Doul 


CAS 
(2) 
CAS 
WE 
(21) 
WE 


PCAS 
(28) 
_M9 
(26) PO 
CAS 
Din 


Doul 
(29) PO 
M8 
(25) 007 
Din 


M7 
Doul 


Din 
(23) DQ6 


Doul 
(20) DOS 


M5 
(16) D04 
AO-A10 
Din 


RAS 
Doul 


CAS 


WE 


Vcc 
(1) 
vccJ;J 
vss:J 
Vss 
22 


•• M1 ~ 9 Vcc 


--L C z O.221lF 
X 9 
T 
..M1 ~9 Vss 
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• 
PHYSICAL OUTLINE 


• HB56A49A Series 


...................... 
o," 


I' 
h~~Ot> 0 
~o-o 
~~~==~~ 


" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
,30 


00o 
~i-- 


82.14 
3.234 


2.03 
0.08 
3.38 
0.133 


I~I~I 


~8max 
I -.rl 0208 


-IL1.27 
--rro:os 


Note: The plating of the contact 
finger is solder coat. 


~ 
~l.ll()mn. 


0.010 
~ 
0.071 


1.78 
1l.O7O 
DelaiiA 


@HITACHI 


Hitachi America. Ltd .• 
Hitachi Plaza· 
2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 
1029 


Parameter 
Symbol 
Value 
Unit 


Voltage on any Pin 
VT 
-1.0 to +7.0 
V 
Relative to V55 


Supply Voltage 
Vcc 
-1.0 to +7.0 
V 
Relative to Vss 


Short Circuit Output Current 
IOU1 
50 
mA 


Power Dissipation 
PT 
9 
W 


Operating Temperature 
Topr 
o to +70 
'C 


Storage Temperature 
Ts,g 
-55 to + 125 
°C 


• 
ELECTRICAL CHARACTERISTICS 


• Recommended DC Operating Conditions (T A = 0 10 +70°C) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


Vss 
0 
0 
0 
V 
Supply Voltage 
Vcc 
4.5 
5.0 
5.5 
V 
I 


Input High Voltage 
V1H 
2.4 
- 
5.5 
V 
I 


Input Low Voltage 
V1L 
-1.0 
- 
0.8 
V 
I 


HB56A49A1AT/B-8 
HB56A49A.1AT/B-JO 
HBS6A49A.1AT/B-12 


Parameter 
Symbol 
Unit 
Test Condilion 
Note 


Min 
Max 
Min 
Max 
Min 
Max 


Operating Current 
Icc, 
- 
810 
- 
720 
- 
630 
mA 
IRC = min 
1.2 


TTL Interface 
- 
18 
- 
18 
- 
18 
mA 
RAS, CAS = V1H 
Dout = High-Z 
Standby Current 
ICC2 


CMOS Interface RAS, 


- 
9 
- 
9 
- 
9 
mA 
CAS 2: VCC - 0.2V 
Do", = High-Z 


RAS Only Refresh Current 
Ico 
- 
810 
- 
720 
- 
630 
mA 
IRC = min 
2 


RAS = V'H 
Standby Current 
Iccs 
- 
45 
- 
45 
- 
45 
mA 
CAS = V1L 
I 


DOOI = Enable 


CAS Before RAS Refresh Current 
ICC6 
- 
810 
- 
720 
- 
630 
mA 
IRC = min 


Page Mode Current 
ICC7 
- 
810 
- 
720 
- 
630 
mA 
Ipc = min 
1,3 


Input Leakage Current 
III 
-10 
10 
-10 
10 
-10 
10 
p.A 
OV '" V'N '" 7V 


Output Leakage Current 
ILO 
-10 
10 
-10 
10 
-10 
10 
p.A 
OV '" VOUT'" 7V 
Dou, = Disable 


Output High Voltage 
VOH 
2.4 
Vcc 
2.4 
Vcc 
2.4 
Vcc 
V 
High 1o", = -5mA 


Output Low Voltage 
VOL 
0 
0.4 
0 
0.4 
0 
0.4 
V 
Low 
lout = 4.2mA 


NOTE: 
I. 
lee depends on output load condition when the device is selected. Ice 
max is specified at the output open condition. 


2. Addre.~••can be changed le!<osIhan three limes while RAS :: VtL. 


3. Address can be changed once or less CAS = VtH. 
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Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Input Capacitance (Address) 
CII 
- 
70 
pF 
1 


Input Capacitance (Clock) 
Ct2 
- 
88 
pF 
I 


Input/Output 
Capacitance (DQo-DQ7) 
CliO 
- 
30 
pF 
1,2 


Input Capacitance (PD) 
Cn 
- 
20 
pF 
1 


Output Capacitance (PQ) 
CO 
- 
20 
pF 
1,2 


• AC Characteristics 
(TA = 0 to 70°C, Vcc 
= 5V ± 10%, Vss = OV) I, 12, 15 


• Read, Write and Refresh Cycle (Common Parameters) 


HB56A49A/AT/B-8 
HB56A49A/AT/B-10 
HB56A49A1AT/B-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Random Read or Write Cycle Time 
tRC 
160 
- 
190 
- 
220 
- 
ns 


RAS Precharge Time 
tRP 
70 
- 
80 
- 
90 
- 
ns 


RAS Pulse Width 
tRAS 
80 
10000 
100 
1ססoo 
120 
1ססoo 
ns 


CAS Pulse Width 
teAS 
25 
1ססoo 
25 
1ססoo 
30 
1ססoo 
ns 


Row Address Set-up Time 
tASR 
0 
- 
0 
- 
0 
- 
ns 


Row Address Hold Time 
tRAH 
12 
- 
15 
- 
15 
- 
ns 


Column Address Set-up Time 
tASC 
0 
- 
0 
- 
0 
- 
ns 


Column Address Hold Time 
teAH 
15 
- 
20 
- 
25 
- 
ns 


RAS to CAS Delay Time 
tRCD 
22 
55 
25 
75 
25 
90 
ns 
8 


RAS to Column Address Delay Time 
tRAD 
17 
40 
20 
55 
20 
65 
ns 
9 


RAS Hold Time 
tRSH 
25 
- 
25 
- 
30 
- 
ns 


CAS Hold Time 
teSH 
80 
- 
100 
- 
120 
- 
ns 


CAS to RAS Precharge Time 
!cRP 
10 
- 
10 
- 
10 
- 
ns 


Transition Time (Rise and Fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
7 


Refresh Period 
tREF 
- 
16 
- 
16 
- 
16 
ns 
17 


HB56A49A/AT/B-8 
HB56A49A/AT/B-IO 
HB56A49A1AT/B-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Access Time 
From 
RAS 
tRAC 
- 
80 
- 
100 
- 
120 
ns 
2,3,16 


Access Time From CAS 
!cAC 
- 
25 
- 
25 
- 
30 
ns 
3,4, 
14 


Access Time 
From 
Address 
tAA 
- 
40 
- 
45 
- 
55 
ns 
3,5,14,16 


Read Command Set-up Time 
IRCS 
0 
- 
0 
- 
0 
- 
ns 


Read Command Hold Time to CAS 
tRCH 
0 
~ 
0 
- 
0 
- 
ns 


Read Command Hold Time 10 RAS 
tRRH 
10 
- 
10 
- 
10 
- 
ns 


Column Address to RAS Lead Time 
tRAL 
40 
- 
45 
- 
55 
- 
ns 


Output Buffer Turn-off Time 
loFF 
0 
20 
0 
25 
0 
30 
ns 
6 
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HB56A49A1AT/B-8 
HB56A49A/AT/B-IO 
HB56A49A/AT/B-12 
Parametc;r 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Command Set-up Time 
twcs 
0 
- 
0 
- 
0 
- 
ns 
10 


Write 
Command 
Hold 
Time 
tWCH 
15 
- 
20 
- 
25 
- 
ns 


Write 
Command 
Pulse 
Width 
twP 
IS 
- 
20 
- 
25 
- 
ns 


Write 
Command 
to RAS 
Lead 
Time 
tRwL 
25 
- 
25 
- 
30 
- 
ns 


Write 
Command 
to CAS 
Lead 
Time 
tewL 
25 
- 
25 
- 
30 
- 
ns 


Data-in 
Set-up 
Time 
tos 
0 
- 
0 
- 
0 
- 
ns 
11 


Data-in 
Hold 
Time 
tOH 
15 
- 
20 
- 
25 
- 
ns 
11 


HB56A49A/AT/B-8 
HB56A49A/AT/B-IO 
HB56A49A1AT/B-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS 
Set-up 
Time 


teSR 
10 
- 
10 
- 
10 
- 
ns 
(CAS 
Before 
RAS 
Refresh 
Cycle) 


CAS 
Hold 
Time 


20 
20 
25 


(CAS 
Before 
RAS 
Refresh 
Cycle) 
teHR 
- 
- 
- 
ns 


RAS 
Precharge 
to CAS 
Hold 
Time 
tRPC 
10 
- 
10 
- 
10 
- 
ns 


HB56A49A/AT/B-8 
HB56A49A/AT/B-IO 
HB56A49A/AT/B-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Fast 
Page 
Mode 
Cycle 
Time 
tpc 
55 
- 
55 
- 
65 
- 
ns 


Fast 
Page 
Mode 
CAS 
Precharge 
Time 
tep 
10 
- 
10 
- 
15 
- 
ns 


Fast 
Page 
Mode. 
RAS 
Pulse 
Width 
tRASC 
- 
10ססoo 
- 
10ססoo 
- 
10ססoo 
ns 
13 


Access 
Time 
From 
CAS 
Precharge 
tACP 
- 
50 
- 
50 
- 
60 
ns 
14,16 


RAS 
Hold 
Time 
From 
CAS 
Precharge 
tRHCP 
50 
- 
50 
- 
60 
- 
ns 


HB56A49A/AT/B-8 
HB56A49A/AT/B-IO 
HB56A49A/AT/B-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Test 
Mode 
WE 
Set-up 
Time 
tws 
0 
- 
0 
- 
0 
- 
ns 


Test 
Mode 
WE 
Hold 
Time 
tWH 
20 
- 
20 
- 
20 
- 
ns 


NOTES: 


I. AC 
measurements 
assume 
IT "" 50S 


2. Assumes [hat IReD :S IReD (max) and tRAD :S IRAD (max). If IReD or tRAD is 
greater 
than the maximum 
recommended 
value 
shown 
in this table. 
!RAe exceeds 
the value 
shown. 


3 
Measured 
with 
a load circuit 
equivalent 
to 2TTL 
loads 
and 
IOOpF. 


4. Assumes that IReD ~ IReD (mu). tRAD :S IRAD (max). 


5. Assumes that IReD :S IReD (max). IRAD ~ IRAD (max). 


6. 'OFF (max) 
defines 
the time 
3t which 
the output 
achieves 
the open 
circuit 
condition 


and 
is not referenced 
10 output 
voltage 
levels. 


7. VIH (min) 
and VtL (max) 
are reference 
levels 
for measuring 
liming 
of input 
signals. 
Also. 
transition 
times 
are measured 
between 
VIH and VIL. 


8. Operation 
with 
the tRCD (max) 
limit 
insures 
that tRAC (max) 
can be mel. 
tRCD 
(max) 
is specified 
as a reference 
point 
only. 
if IRCD is grealer 
than the specified 


tRAD (max) 
limit. 
then access 
time 
is controlled 
exclusively 
by tCAC. 


9. Operation 
with 
Ihe tRAD (max) 
limil 
insures 
IhaltRAc 
(max) 
can be met. 
tRAD 


(max) 
is specified 
as a reference 
point 
only. 
if tRAD is grealer 
than the specified 


IRAD (max) 
limit. 
then acces!'i time 
is controlled 
exclusively 
by IAA. 


10. Early 
write 
cycle 
only 
(IWCS 
2: twcs 
(min» 


II. 
These 
pardmeters 
are referenced 
to CAS 
leading 
edge 
in an early 
write 
cycle. 


12. An initial 
pause 
of 1001'S is required 
after 
power 
up followe~ 
a minimum 
of eight 


initialization 
cycles 
(any combination 
of cycles 
containing 
RAS 
clock 
such 
as 


RAS-only 
refresh). 


13. tRAse 
defines 
RAS 
pulse 
widlh 
in fast page 
mode 
cycles 


14. Access 
time 
is detennined 
by the longer 
of IAA or tCAC or IACP. 


15. Test mode 
operation 
specified 
in this data 
sheet 
is 8-bit 
test function 
controlled 
by 


control 
address 
bits-RA 
10. CA 10 and CAO. 
This 
test mode 
operation 
can be 


perfonned 
by WE and CAS 
before 
RAS 
(WCBR) 
refresh 
cycle. 
Refresh 
during 
test 


mode 
operalion 
will be perfonned 
by normal 
read cycles 
or by WCBR 
refresh 


cycles. 
When 
Ihe state of eight 
test bits accord 
each 
other. 
the condition 
of the 
output 
data 
is high 
leve). 
When 
the state of eight 
test bits do not accord. 
the 


condition 
of lhe output 
data 
is low level. 
Data 
output 
pin is Dout 
and data 
input 
pin 


is Din. 
In order 
to end this test mode 
operation. 
perform 
a RAS only 
refresh 
cycle 
or a CAS 
before 
RAS 
refresh 
cycle. 


16. In a test mode 
read cycle. 
the value 
oftRAC. 
tAA and IACP is delayed 
for 2ns to 5ns 


for Ihe specified 
value. 
These 
parameters 
should 
be specified 
in test mode 
cycles 
by 


adding 
the above 
value 
to the specified 
value 
in this data sheel. 


17. tREF defines 
is 1.024 
refresh 
cycles. 
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• 
TIMING WAVEFORM 


• Read Cycle 


Dout 


Din 


IRC 


tRAS 


RCO 
RSH 
tRP 


tCSH 
ICRP 


tCAS 
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2 
Oout: High-Z 


3~ 
:Oon'I<:ate 


• 
WE .VIH 
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1 CBR or RAS only refresh 


2 
~ 
: Don't care 


3 Address, 
Din: Don't care 


Address 
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• 
TEST 
MODE 
RESET 
CYCLE 


• CAS 
Before 
RAS Refresh 
Cycle 
IRe 


IRA 
IRP 


I 
~ 
: Don't care 


2 Refresh 
Address 
: AG-A9 


(AXO-AX9) 
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HB56D136B-8/10/12 
36-Bit DRAM 


1,048,576-Word x 36-Bit High Density Dynamic 
RAM Module 


• 
DESCRIPTION 


The HB56D136B is a 1M x 36 dynamic RAM module, mounted 
8 pieces of 4Mbit DRAM (HM51440OJP) sealed in SOJ package and 
4 pieces of 1Mbit DRAM (HM511000AJP) sealed in SOJ package. An 
outline of the HB56D136B is 72-pin single in-line package. Therefore, 
the HB56Dl36B 
makes high density mounting possible without surface 


mount technology. The HB56D136B provides common data inputs and 
outputs. Decoupling 
capacitors 
are mounted beneath each SOJ. 


• 
72-pin single in-line package 
-Lead 
pitch. 


• 
Single 5V (± 5%) supply 


• 
High Speed 
Access time. 


• 
Low power dissipation 
-Active 
mode 
.. 
-Standby 
mode .. 


• 
Fast .page mode capability 


• 
1,024 refresh cycle/16ms 


.5.25W/4.62W/3.99W 
(max.) 
..... 
126mW (max.) 


• 
2 variations of refresh 
-RAS 
only refresh 


-CAS 
before RAS refresh 


• TTL compatible 


Pan No. 
Access Time 
Package 


HB56D136B~8 
80ns 


HB56D136B-10 
lOOns 
72-pin SIP 
Socket Type 


HB56D136B-12 
120ns 


HB56DI36B 


Pin No. 
Pin Name 
80ns 
lOOns 
120ns 


67 
PO.I 
Vss 
Vss 
Vss 


68 
po., 
Vss 
Vss 
Vss 


69 
PDJ 
NC 
Vss 
NC 


70 
PD. 
Vss 
Vss 
NC 


Pin 
Pin 
Pin 
Pin 
Pin 
Pin 
Pin 
Pin 
No. 
Name 
No. 
Name 
No. 
Name 
No. 
Name 


1 
Vss 
19 
NC 
37 
00" 
55 
00" 


2 
000 
20 
00. 
38 
OOJs 
56 
OOJO 


3 
DO" 
21 
DO" 
39 
Vss 
57 
OOIJ 


4 
00, 
22 
DOs 
40 
CASa 
58 
OOJ' 


5 
00,. 
23 
00,., 
41 
CAS, 
59 
Vcc 


6 
DO, 
24 
DO. 
42 
CAS, 
60 
DQ.n 


7 
00'0 
25 
00,. 
43 
CAS, 
61 
00•• 


8 
00., 
26 
00, 
44 
RASa 
62 
OO.u 


9 
00" 
27 
00" 
45 
NC 
63 
00" 


10 
Vcc 
28 
A, 
46 
NC 
64 
00.14 


II 
NC 
29 
NC 
47 
WE 
65 
00,. 


12 
Ao 
30 
Vcc 
48 
NC 
66 
NC 


13 
A, 
31 
A, 
49 
00. 
67 
PD, 


14 
A, 
32 
A. 
50 
0027 
68 
PD, 


15 
AJ 
33 
NC 
51 
00" 
69 
PD., 


16 
A. 
34 
RAS, 
52 
DO" 
70 
PD. 


17 
As 
35 
002" 
53 
00" 
71 
NC 


18 
A. 
36 
00, 
54 
00,. 
72 
Vss 


Pin Name 
Function 


Ao-A. 
Address Input 


Ao-A. 
Refresh Address Inpul 


DQo-DQJ5 
Data-in/Data-out 


CASO-CASJ 
Column Address Strobe 


RASo. RAS, 
Row Address Strobe 


WE 
Read/Write Enable 


Vcc 
Power Supply ( +5V) 


Vss 
Ground 


PD,-PD. 
Presence Detect Pin 


NC 
Non-connection 
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RASO 
CASO 


DOO 
DOl 
D02 
D03 


RAS 


D2 


D09 
DOlO 
D011 
0012 


D013 
D014 
D015 
D016 


RAS 


D6 


VOl CAS RAs 
V02 
V03 
D3 
V04 
OE 
~ 


D026-' ----IDint.r:sM~ 


CAS3 


D027 
D028 
D029 
D030 


RAS2 
CAS2 


D018 
D019 
D020 
D021 


D022 
D023 
D024 
D025 


D031 
D032 
D033 
D034 


VOl CAS RAS 
V02 
V03 
Dl 
V04 
OE 


RAS 


D7 


OQ35 
r' ----~ 
~----- 
AO-A9 
-. ---- 
WE 


Vcc 
=CO-Cll 
= 
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ODD 
DDDDDDD 


107.95 
4.25 
101.19 
3.984 
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Parameter 
Symbol 
Value 
Unit 


Voltage on any Pin I 
(Input) 
V1N 
-1.0 to +7.0 
V 


Relative to Vss 
I (Output) 
VOUT 
-1.0 to +7.0 
V 


Supply Voltage Relative to VSS 
VCC 
-1.0 to +7.0 
V 


Short Circuit Output Current 
lout 
50 
mA 


Power Dissipation 
PT 
12 
W 


Operating Temperature 
Topr 
o to +70 
°C 


Storage Temperature 
Ts1g 
-55 to + 125 
°C 


• 
ELECTRICAL 
CHARACTERISTICS 


• Recommended 
DC Operating 
Conditions 
(TA = 0 to +70°C) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


Vss 
0 
0 
0 
V 
Supply Voltage 


VCC 
4.75 
5.0 
5.25 
V 
I 


Input High Voltage 
V1H 
2.4 
- 
5.5 
V 
I 


Input Low Voltage 
V'L 
-1.0 
- 
0.8 
V 
I 


HB56D136B-8 
HB56D 
136B-10 
H B56D 
136B-12 
Parameter 
Symbol 
Unit. 
Test Condition 
Note 
Min 
Max 
~in 
Max 
Min 
Max 


Operating 
Current 
'CCI 
- 
1000 
- 
880 
- 
7fIJ 
mA 
tRC = min 
1,2 


TfL Interface 


- 
24 
- 
24 
- 
24 
mA 
RAS, CAS = VIH 
DOU! = High-Z 
Standby Current 
ICC2 
CMOS Interface RAS, 


- 
12 
- 
12 
- 
12 
mA 
CAS", 
VCC - 0.2V 


DOU! = High-Z 


RAS Only Refresh Current 
ICeJ 
- 
9fIJ 
- 
·840 
- 
740 
mA 
tRC = min 
2 


RAS = V'H 
Standby Current 
ICC5 
- 
fIJ 
- 
fIJ 
- 
fIJ 
mA 
CAS = V'L 
1 
DOU! = Enable 


CAS Before RAS Refresh Current 
ICC6 
- 
9fIJ 
- 
840 
- 
720 
mA 
tRC = min 


Page Mode Current 
ICC7 
- 
920 
- 
840 
- 
720 
mA 
tpc = min 
1,3 


Input Leakage Current 
ILl 
-10 
10 
-10 
10 
-10 
10 
p.A 
OV :5 V'N :5 7V 


Output Leakage Current 
ILO 
-10 
10 
-10 
10 
-10 
10 
p.A 
OV :5 VOUT :5 7V 
Dou, = Disable 


Output High Voltage 
VOH 
2.4 
Vcc 
2.4 
Vcc 
2.4 
Vcc 
V 
High lout = -5mA 


Output Low Voltage 
VOL 
0 
0.4 
0 
0.4 
0 
0.4 
V 
Low Ioul = 4.2mA 


NOTE: 
I. lee 
depends 
on output 
load condition 
when 
the device 
is selected. 
tee 
mal( is specified 
at the output open condition. 


2. Addrc~s can be changed 
le~~ than three times 
while 
RAS = V'L. 


) 
Addrc~~can be changed 
once 
or le~~CAS 
= VIH. 
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Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Input Capacitance (Address) 
CII 
- 
88 
pF 
I 


Input Capacitance (WE) 
C12 
- 
104 
pF 
I 


Input Capacitance (RAS) 
C13 
- 
57 
pF 
I 


Input Capacitance (CAS) 
Ct4 
- 
36 
pF 
I 


Output Capacitance 
CIIOI 
- 
17 
pF 
1.2 
(DQO-DQ7. DQ9-DQ'6. 
DQ,s-DQ25. 
DQ27-DQ34) 


Output Capacitance (DQs, DQI7. DQ26. DQ35) 
Ct/O2 
- 
22 
pF 
1.2 


NOTE: 
I. Capacitance measured wilh Boonton Meter or effeclive capacitance measuring method. 


2. CAS:: 
VIH 10disable DoUT 


• AC Characteristics 
(TA = 0 to 70°C. 
Vcc 
= 5V ± 5%, Vss = OV) 1.12 


• Read. Write and Refresh 
Cyele (Common 
Parameters) 


HB56D 136B-8 
HB56D 136B-10 
HB56D 136B-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Random Read or Write Cycle Time 
tRC 
160 
- 
190 
- 
no 
- 
ns 


RAS Precharge Time 
tRP 
70 
- 
80 
- 
90 
- 
ns 


RAS Pulse Width 
tRAS 
80 
1ססoo 
100 
1ססoo 
120 
1ססoo 
ns 


CAS Pulse Width 
teAS 
25 
1ססoo 
25 
1ססoo 
30 
1ססoo 
ns 


Row Address Set-up Time 
tASR 
0 
- 
0 
- 
0 
- 
ns 


Row Address Hold Time 
tRAH 
12 
- 
15 
- 
15 
- 
ns 


Column Address Set-up Time 
tAsc 
0 
- 
0 
- 
0 
- 
ns 


Column Address Hold Time 
teAH 
20 
- 
20 
- 
25 
- 
ns 


RAS to CAS Delay Time 
tReD 
22 
55 
25 
75 
25 
90 
ns 
8 


RAS to Column Address Delay Time 
tRAD 
17 
45 
20 
55 
20 
65 
ns 
9 


RAS Hold Time 
tRSH 
25 
- 
25 
- 
30 
- 
ns 


CAS Hold Time 
teSH 
80 
- 
100 
- 
120 
- 
ns 


CAS to RAS Precharge Time 
teRP 
10 
- 
10 
- 
10 
- 
ns 


Transition Time (Rise and Fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
7 


Refresh Period 
tREF 
- 
16 
- 
16 
- 
16 
ns 
15 
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HB56D 136B-8 
HB56D 136B-IO 
HB56D 136B-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Access Time From RAS 
tRAC 
- 
80 
- 
100 
- 
120 
ns 
2,3 


Access Time From CAS 
'cAC 
- 
25 
- 
25 
- 
30 
ns 
3,4 


Access Time From Address 
tAA 
- 
40 
- 
45 
- 
55 
ns 
3,5 


Read Command Set-up Time 
tRCS 
0 
- 
0 
- 
0 
- 
ns 


Read Command Hold Time to CAS 
tRCH 
0 
- 
0 
- 
0 
- 
ns 


Read Command Hold Time to RAS 
tRRH 
10 
- 
10 
- 
10 
- 
ns 


Column Address to RAS Lead Time 
tRAL 
40 
- 
45 
- 
55 
- 
ns 


Output Buffer Thm-off Time 
!oFF 
0 
20 
0 
25 
0 
30 
os 
6 


HB56D 136B-8 
HB56D 136B-I0 
HB56D 136B-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Command Set-up Time 
twcs 
0 
- 
0 
- 
0 
- 
ns 
10 


Write Command Hold Time 
tWCH 
20 
- 
25 
- 
30 
- 
ns 


Write Command Pulse Width 
twP 
15 
- 
20 
- 
25 
- 
ns 


Data-in Set-up Time 
tDS 
0 
- 
0 
- 
0 
- 
ns 
n 


Data-in Hold Time 
tDH 
20 
- 
20 
- 
25 
- 
ns 
n 


HB56D 136B-8 
HB56D 136B-10 
HB56D 136B-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS Set-up Time 


'cSR 
10 
- 
10 
- 
10 
- 
ns 
(CAS Before RAS Refresh Cycle) 


CAS Hold Time 
20 
20 
25 
(CAS Before RAS Refresh Cycle) 
'cHR 
- 
- 
- 
ns 


RAS Precharge to CAS Hold Time 
tRPC 
15 
- 
15 
- 
15 
- 
ns 
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HB56Dl36B-8 
HB56D 136B-IO 
HB56D 136B-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Fast Page Mode Cycle Time 
tpc 
55 
- 
55 
- 
65 
- 
ns 


Fast Page Mode CAS Precharge TIme 
tep 
10 
- 
15 
- 
20 
- 
ns 


Fast Page Mode RAS Pulse Width 
tRASe 
80 
10ססoo 
100 
10ססoo 
120 
10ססoo 
ns 
13 


Access TIme From CAS Precharge 
tACP 
- 
50 
- 
50 
- 
60 
ns 
14 


RAS Hold TIme From CAS Precharge 
tRHCP 
50 
- 
50 
- 
60 
- 
ns 


I. AC measurements 
assume 
tr = 5ns. 


2. Assumes 
that IReD 
~ 
IReD 
(malt) 
and IRAD s tRAD (max). 
If IReD or IRAD is greater 
than the maximum 
recommended 
value 
shown 
in this table, 
tRAe 
exceeds 
the 


value shown. 


3. 
Measured 
with 
a load circuit 
equivalent 
10 21TL 
loads 
and 
100pF. 


4. AssuUles that IReD C!:IReD (malt). 
IRAD S IRAD (max). 


5. Assumes thaI IReD 
::s tReD (malt). 
IRAD 
2: IRAD (max). 


6. 1()FF (mu.) 
defines 
the lime 
at which 
the output 
achieves 
the open 
circuit 
condition 
and is noc referenced 
to output 
voltage 
levels. 


7. 
VIH (Olin) and VIL (max) 
are reference 
levels 
for measuring 
timing 
of input 
signals. 
Also. 
transition 
limes 
are measured 
between 
VIH and 
Vlt. 


8. Opention 
with 
the IReD 
(malt) 
limit 
insures 
that IRAe (max) 
can be met, 
IReD 
(malt) 
is specified 
as a reference 
point 
only, if IReD 
is greater 
than the specified 
IReD 


(malt) 
limit. 
then access 
time 
is controlled 
exclusively 
!7y !CAC. 


9. Operation 
with 
the tRAD (mall.) limit 
insures 
that tRAC (mu) 
can be met. 
tRAD (mu) 
is specified 
as a reference 
point 
only. 
if tRAD is greater 
(han the specified 
tRAD 


(max) 
limit. 
then access 
lime 
is controlled 
exclusively 
by IAA. 


10. Early 
write 
cycle 
only 
(IWCS 
~ 
twcs 
(min» 


II. 
These 
parameters 
are referenced 
to CAS 
leading 
edge 
in an early 
write 
cycle. 


12. An inilial 
pause 
of 
KlOI&S 
is required 
after 
power 
up followed 
by a minimum 
of eight 
initialization 
cycles 
(any combination 
of cycles 
containing 
RAS 
clock 
such 
as 


RAS-only 
refresh). 


13. tRASC defines 
RAS 
pulse 
width 
in fast page 
mode 
cycles. 


14. Access 
time 
is delCnnined 
by the longer 
of tAA or teAC 
or tACP 


IS. 
tREFdefines 
is 1,024 
refresh 
cycles. 
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• 
TIMING 
WAVEFORM 


• Read Cycle 


• 
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Address 


Dout 


3 ~ 
:Ooo'tcare 


.• WE_VIH 
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HB56D236B-8/10/12 


The HB56D236B 
is a 2M x 36 dynamic RAM module, mounted 


16 pieces of 4Mbit DRAM (HM514400JP) sealed in SOJ package and 
8 pieces of 1Mbit DRAM (HM511000AJP) sealed in SOJ package. An 
outline of the HB56D236B 
is 72-pin single in-line package. Therefore, 
the HB56D236B 
makes high density mounting possible without surface 
mount technology. 
The HB56D236B 
provides common data inputs and 
outputs. 
Decoupling 
capacitors 
are mounted beneath each SOJ but 
only on the side of its module board. 


• 
72-pin single in-line package 
-lead 
pitch.. 
. ........•....•............. 
1.27mm 


• 
Single 5V (± 5%) supply 


• 
High Speed 
-Access 
time. 
. ......•........ 
80ns/100ns/120ns 
(max.) 


• 
low power dissipation 
-Active 
mode .............•........ 
5.57W/4.94W/4.31W 
(max.) 
-Standby 
mode. 
. . . . . 
. .•............... 
252mW (max.) 


Fast page mode capability 


1,024 refresh cycle/16ms 


2 variations 
of refresh 
-RAS 
only refresh 


-CAS before RAS refresh 
TTl 
compatible 


Part No. 
Access 
Time 
Package 


HB560236B-8 
80ns 


HB560236B-10 
lOOns 
72-pin SIP 
Socket Type 


HB560236B-12 
120ns 


HB560236B 
Pin No. 
Pin Name 
80ns 
lOOns 
I20ns 


67 
POI 
NC 
NC 
NC 


68 
P02 
NC 
NC 
NC 


69 
P03 
NC 
Vss 
NC 


70 
P04 
Vss 
Vss 
NC 


Pin 
Pin 
Pin 
Pin 
Pin 
Pin 
Pin 
Pin 


No. 
Name 
No. 
Name 
No. 
Name 
No. 
Name 


I 
Vss 
19 
NC 
37 
OQI7 
55 
OQI2 


2 
DQo 
20 
DQ4 
38 
OQ3S 
56 
OQ30 


3 
DQIS 
21 
DQ22 
39 
Vss 
57 
DQI3 


4 
DQI 
22 
DQs 
40 
CASo 
58 
DQ31 


5 
OQI9 
23 
DQ23 
41 
CAS2 
59 
Vcc 


6 
OQ2 
24 
DQ6 
42 
CAS3 
60 
DQ32 


7 
DQ20 
25 
OQ24 
43 
CASI 
61 
DQI4 


8 
DQ3 
26 
DQ7 
44 
RASe 
62 
DQ33 


9 
DQ21 
27 
DQ2S 
45 
RASI 
63 
DQIS 


10 
Vcc 
28 
A7 
46 
NC 
64 
DQ34 


II 
NC 
29 
NC 
47 
WE 
65 
·DQ16 


12 
Ao 
30 
Vcc 
48 
rilc 
66 
NC 


13 
AI 
31 
As 
49 
DQ9 
67 
POI 


14 
A2 
32 
A9 
50 
DQ27 
68 
P02 


15 
A3 
33 
RAS3 
51 
OQIO 
69 
P03 


16 
~ 
34 
RAS2 
52 
DQ2S 
70 
P04 


17 
As 
35 
~6 
53 
DQII 
71 
NC 


18 
A6 
36 
DQs 
54 
DQ29 
72 
Vss 


Pin Name 
Function 


Ao-A9 
Address Input 


. Ao-A9 
Refresh Address Input 


OQO-OQ3S' 
Oata-inlData-oul 


CASe-CAS3 
Column Address Strobe 


RASe-RAS3 
Row Address Strobe 


WE 
Read/Write Enable 


Vcc 
Power Supply (+5V) 


Vss 
Ground 


POI-P04 
Presence 
Detect 
Pin 


NC 
Non-connection 
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HB56D236B-8/10/12 


• 
BLOCK 
DIAGRAM 


RASO 
RASl 


CAsO 


000 
001 
D02 
00 
01 
003 


004 
'RAS 
RAS 
005 
D06 
03 
D2 
007 


008 
• 


CASl 


009 
0010 
0011 
04 
05 
0012 


0013 
RAS 
RAS 
0014 
0015 
07 
D6 
0016 


0017' 


RAS3 
RAS2 
CAS2 


0018 
0019 
0020 
08 
D9 
0021 


0022 
RAS 
RAS 
0023 
0024 
011 
010 
0025 


00261 


CAS3 


0027 
D028 
0029 
012 
013 
D030 


0031 
RAS 
RAS 
0032 
0033 
015 
014 
0034 


0035' 


AIJ...A9 
• 
W£ 
°00-015 
: HM514400JP 
Vcc 
=CO-Cll 
MO-M7 : HM511000JP 
Vas 
= 
00-015,11.10-11.17 
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107.95 
4.25 
101.19 
3.984 
000000 
0880 


JromlIIIIIIl[Jlllll]lIIIDDnDmllJ'..J(lnDmlIIIIIIl[Jlllll]iIIIIDlllIIJJl 
o 
0 
0000000000 


80ns 
lOOns 
l20ns 


~~ 
~~ 
]f~ 


1111111111111 
1111111111111 
1111111111111 


~ 
0.36 
L n -' 


:-±0.25 max. 
I 
0.010 
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Parameter 
Symbol 
Value 
Unit 


Voltage on any Pin 
I 
(Input) 
. V1N 
-1.0 to +7.0 
V 


Relative to Vss 
I (Output) 
VOUT 
-1.0 to +7.0 
V 


Supply Voltage relative to Vss 
Vcc 
-1.0to 
+7.0 
V 


Short 
circuit 
output 
current 
lout 
50 
mA 


Power dissipation 
PT 
12 
W 


Operating temperature 
Top, 
o to +70 
·C 


Storage temperature 
Vstg 
-55 to + 125 
·C 


• 
ELECTRICAL CHARACTERISTICS 


• Recommended DC Operating Conditions (T A = 0 to +70·C) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Note 


Vss 
0 
0 
0 
V 


Supply Voltage 


Vcc 
4.75 
5.0 
5.25 
V 
1 


Input High Voltage 
V1H 
2.4 
- 
5.5 
V 
I 


Input Low Voltage 
V1L 
-1.0 
- 
0.8 
V 
I 


HB56D236B-8 
HB56D236B-JO 
HB56D236B-12 
Parameter 
Symbol 
Unit 
Test Condition 
Note 


Min: 
Max. 
Min. 
Max. 
Min. 
Max. 


Operating Current 
Icc1 
- 
1060 
- 
940 
- 
820 
mA 
tRC = min 
1.2 


TIL 
Interface 


- 
48 
- 
48 
- 
48 
mA 
RAS. CAS = V1H 
DOUT = High-Z 
Standby Current 
Icc2 


CMOS Interface RAS. 
- 
24 
- 
24 
- 
24 
mA 
CAS 2: Vcc - 0.2V 
DOUT = High-Z 


RAS Only Refresh Current 
IcCJ 
- 
1020 
- 
900 
- 
800 
mA 
tRC = min 
2 


RAS = V1H 


Standby Current 
Iccs 
- 
120 
- 
120 
- 
120 
mA 
CAS = V1L 
1 


DOUT = Enable 


CAS Before RAS Refresh Current 
ICC6 
- 
1020 
- 
900 
- 
780 
mA 
tRC = min 


Page Mode Current 
ICC7 
- 
980 
- 
900 
- 
780 
mA 
tpc = min 
1,3 


Input Leakage Current 
ILl 
-10 
10 
-10 
10 
-10 
10 
p.A 
OV :S V1N :S 7V 


Output Leakage Current 
Iw 
-10 
10 
-10 
10 
-10 
10 
p.A 
OV :S VOUT :S 7V 
DOUT = Disable 


Output High Voltage 
VOH 
2.4 
Vcc 
2.4 
Vcc 
2.4 
Vcc. 
V 
High lOUT = -5mA 


Output Low Voltage 
VOL 
0 
0.4 
0 
0.4 
0 
0.4 
V 
Low loUT = 4.2mA 


NOTE: 
I. Icedepends 
on output 
load condilion 
when the device 
is selected. 
Ice mall.. is specified 
at the output open condilion. 


2. Address 
can be changed 
less Ihan three limes 
while 
RAS 
:: VIL. 


3. Address 
can be changed 
once 
or less CAS:: 
VIH. 
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Parameter 
Symbol 
Typ. 
Max. 
Unit 
Note 


Input Capacitance (Address) 
CII 
- 
161 
pF 
I 


Input Capacitance (WE) 
CI2 
- 
193 
pF 
I 


Input Capacitance (RAS. CAS) 
Co 
- 
62 
pF 
I 


Output Capacitance (DQo-7, DQ9-16, DQ'S-25, DQ27-J4) 
CIIOI 
- 
29 
pF 
1,2 


Output 
(DQS,17,26,35) 
CI/02 
- 
39 
pF 
1.2 


• AC Characteristics 
(TA = Oto70·C. 
Vcc = 5V ± 5%. 
VSS = OV) 1,12 


• Read, 
Write and Refresh 
Cycle (Common 
Parameters) 


HB56D236B-8 
HB56D236B-IO 
HB56D236B-8-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Random Read or Write Cycle Time 
tRC 
160 
- 
190 
- 
220 
- 
ns 


RAS Precharge Time 
tRP 
70 
- 
80 
- 
90 
- 
ns 


RAS Pulse Width 
IRAS 
80 
1ססoo 
100 
1ססoo 
120 
1ססoo 
ns 


CAS Pulse Width 
teAS 
25 
1ססoo 
25 
1ססoo 
30 
1ססoo 
ns 


Row Address Set-up Time 
tASR 
0 
- 
0 
- 
0 
- 
ns 


Row Address Hold Time 
tRAH 
12 
- 
15 
- 
15 
- 
ns 


Column Address Set-up Time 
tAsc 
0 
- 
0 
- 
0 
- 
ns 


Column Address Hold Time 
teAH 
20 
- 
20 
- 
25 
- 
ns 


RAS to CAS Delay Time 
tRCD 
22 
55 
25 
75 
25 
90 
ns 
8 


RAS to Column Address Delay Time 
tRAD 
I7 
45 
20 
55 
20 
65 
ns 
9 


RAS Hold Time 
tRSH 
25 
- 
25 
- 
30 
- 
ns 


CAS Hold Time 
teSH 
80 
- 
100 
- 
120 
- 
ns 


CAS to RAS Precharge Time 
teRP 
10 
- 
10 
- 
10 
- 
ns 


Transition Time (Rise and Fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
7 


Refresh Period 
tREF 
- 
16 
- 
16 
- 
16 
ns 
15 


HB56D236B-8 
HB56D236B-IO 
HB56D236B-12 
Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Access Time From RAS 
tRAC 
- 
80 
- 
100 
- 
120 
ns 
2,3 


Access Time From CAS 
teAC 
- 
25 
- 
25 
- 
30 
ns 
3.4 


Access Time From Address 
tAA 
- 
40 
- 
45 
- 
55 
ns 
3,5 


Read Command Set-up Time 
tRCS 
0 
- 
0 
- 
0 
- 
ns 


Read Command Hold Time to CAS 
IRCH 
0 
- 
0 
- 
0 
- 
ns 


Read Command Hold to RAS 
tRRH 
10 
- 
10 
- 
10 
- 
ns 


Column Address to RAS Lead Time 
tRAL 
40 
- 
45 
- 
55 
- 
ns 


Output Buffer Turn-off Time 
\oFF 
0 
20 
0 
25 
0 
30 
ns 
6 
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HB56D236B-8 
HB56D236B-IO 
HB56D236B-12 


Parameter 
Symbol 
Unit 
Note 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Write Command Set-up Time 
twcs 
0 
- 
0 
- 
0 
- 
ns 
10 


Write Command Hold Time 
tWCH 
io 
- 
25 
- 
30 
- 
ns 


Write Command Pulse Width 
twP 
15 
- 
20 
- 
25 
- 
ns 


Data-in Set-up Time 
tDs 
0 
- 
0 
- 
0 
- 
os 
II 


Data-in Hold Time 
tDH 
20 
- 
20 
- 
25 
- 
ns 
II 


HB56D236B-8 
HB56D236B-10 
HB56D236B-12 
Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


CAS Set-up Time 
leSR 
10 
- 
10 
- 
10 
- 
ns 
(CAS Before RAS Refresh Cycle) 


CAS Hold Time 
20 
20 
25 
(CAS Before RAS Refresh Cycle) 
leHR 
- 
- 
- 
ns 


RAS Precharge to CAS Hold Time 
tRPC 
15 
- 
15 
- 
15 
- 
ns 


HB56D236B-8 
HB56D236B-1O 
HB56D236B-12 


Parameter 
Symbol 
Unit 
Note 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Fast Page Mode Cycle Time 
tpc 
55 
- 
55 
- 
65 
- 
ns 


Fast Page Mode CAS Precharge Time 
lep 
10 
- 
10 
- 
20 
- 
ns 


Fast Page Mode RAS Pulse Width 
tRASC 
80 
10ססoo 
100 
10ססoo 
120 
10ססoo 
ns 
13 


Access Time From CAS Precharge 
tACP 
- 
50 
- 
50 
- 
60 
ns 
14 


RAS Hold Time From CAS Precharge. 
tRHCP 
50 
- 
50 
- 
60 
- 
ns 


I. AC measurements 
assume 
IT = 5ns. 


2. Assumes 
that IReD 
:S IReD (mu) and tRAD 
:S tRAD (max). 
IflRCD 
or tRAD is greater 
than 
the maximum 
recommended 
value 
show"n in this table, 
'RAe 
exceeds 
the 


value 
shown. 


3. Measured 
with 
a load circuit 
equivalent 
to 2TTL 
loads 
and 
100pF. 


4. Assumes 
thai tReD 
~ IReD (mall), 
and tRAD :S IRAn (mu). 


5. Assumes thai IReD :S IReD (max). 
and IRAD ~ 
IRAD (max). 


6. toFF (mu) defines 
the time 
at which 
the output 
achieves 
the open 
circuit 
condition 
and 
is not: referenced 
to output 
voltage 
levels. 


1. VJH (min) 
and V1L (malt) 
are reference 
levels 
for measuring 
liming 
of input 
signals. 
Also. 
Inmsition 
limes 
are measured 
between 
VIH and VIL. 


8. Opel1lllion 
with 
the IReD (mu) limit 
insures 
that tRAC (mu) an 
be met, 
IRCD (max) 
is specified 
as a reference 
point 
only, 
if IRCD is greater 
than the specirted 
(RCO 


(max) 
limit, 
lhen access 
time 
is controlled 
exclusively 
by !CAC. 


9. Operation 
with 
the IRAO (max) 
limil 
insures 
that tRAC (max) 
can be met, 
tRAO (max) 
is specified 
as a reference 
poinl 
only, 
if tRAO is greater 
than the specirted 
tRAO 


(max) 
limit, 
!hen access 
time 
is controlled 
exclusively 
by tAA. 


10. Early 
write 
cycle 
only 
(tWCS 
2: twcs 
(min) 


II. 
11lese 
parameters 
are referenced 
to CAS 
leading 
edge 
in an early 
write 
cycle. 


12. An inilial 
pause 
of 100 ~s is required 
after 
power 
up followed 
by a minimum 
of eight 
initialization 
cycles 
(any combination 
of cycles 
containing 
RAS clock 
such 
as 


RAS-only 
refresh). 


13. IRASC defines 
RAS 
pulse 
width 
in fast page 
mode 
cycles. 


14. Access 
time 
is detennined 
by the longer 
of tAA or !CAC or tACP. 


15. IREF defines 
is 1,024 
refresh 
cycles. 
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• 
TIMING WAVEFORM 


• Read Cycle 


Dout 


Din 
• 
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Address 


Dout 


2 
Dout: High-Z 


3 ~ 
: Oon'lcare 


.• we.VIH 
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Section 7 
MOSMaskROM 


$HITACHI@ 


HN623257P,HN623257F 


The 
HN623257P/F 
is 
a 
256-kbit 
CMOS 
mask-programmable 


ROM 
organized 
as 32768 
words 
by 8 bits. 
Realizing 
low 
power 


consumption, 
this 
memory 
is allowed 
for 
battery 
operation. 


• 
Single 
+5V 
Power 
Supply 


• 
Three·State 
Data 
Output 
for OR-Tieing 


• 
TTL 
Compatible 
• 
Address 
Access 
Time: 
150ns 
(Max.) 


• 
Low 
Power 
Consumption: 
100mW 
(typ.) 
active 
5p.W (typ.) 
standby 


• 
Byte-Wide 
Data 
Organization 


3-stale 


Output 


Buffer 


Absolute 
Maximum 
Ratings 


Item 
Symbol 
Rating 
Unit 


Power Supply Voltage * I 
Vcc 
-0.3 
to +7.0 
V 


All Input or Output Voltage * 1 
VT 
-0.3 to Vcc+0.3 
V 


Operating 
Temperature 
Range 
Topr 
-20 to +75 
'C 


Storage 
Temperature 
Range 
Tstg 
-55 to '1-125 
'C 


Temperature 
Under Bias 
Tbias 
-20 to +85 
'C 


Note) .1. 
With respect to VSS. 


! HN623257P 


I 
~ 
I 


I 
i 
I 
I 
I, 
I 
I 
I 
i 
I 
I 
I",~n", 
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Recommended 
Operating 
Conditions 
(Vss = OV, Ta = -20 to +7S°C) 


Parameter 
Symbol 
min 
typ 
max 
Unit 


Supply 
Voltage 
Vee 
4.5 
5.0 
5.5 
V 


VIIl 
2.2 
Vee+0.3 
V 


Input 
Voltage 


VIL 
-0.3 
0.8 
V 


DC Electrical 
Characteristics 
(Vcc 
= SV ±10%, Vss = OV, Ta = -20 to +7S°C) 


Parameter 
Symbol 
min 
max 
Unit 
Test 
Condition 


Active 
Ice 
45 
mA 
Vec=5.5V, 
IooUT=OmA,tRc=min 


Supply 
Current 
Is. 
Vcc=5.5V, 
CE<:Vcc-0.2V 
Standby 
30 
J'A 


Input 
Leakage 
Current 
IILlI 
10 
J'A 
Vin=O 
to 5.5V 


Output 
Leakage 
Current 
IILlI 
10 
J'A 
CE=2.2V, 
VOUT=O to Vcc 


VOH 
2.4 
V 
IOH=-205J'A 
Output 
Voltage 


VOL 
0.4 
V 
IOL=3.2mA 


Symbol 


Cin 


Cout 


Input 
Capacitance 


Output 
Capacitance 


AC Electrical 
Characteristics 


(Vcc 
= SV ± 10%, Vss = OV, Ta = -20 to +7S°C) 


Test Condition 


• 
Input 
Pulse Level 
" 
.. 
" 
,., 
0.8 to 2.4V 


• 
Input and Output 
Timing 
Reference Level 
, 1.5V 


• 
Input 
Rise and Fall Time 
, 
, 
, . , 
10ns 


• 
Output 
Load 
1 TTL 
gate + CL = 100pF 
(including 
jig capacitance) 


Item 
Symbol 
min 
max 
Uoit 


Read Cycle Time 
tRC 
150 
ns 


Address 
Access 
Time 
tAA 
150 
os 


CE Access 
Time 
tACE 
150 
ns 


eE to Output 
in Low Z 
tell 
10 
ns 


Output 
Hold Time 
from 
Address 
Change 
tOHA 
os 


eE to Output 
in High Z'\ 
tCHZ 
70 
os 


Output 
Hold Time 
from CE 
tOHe 
os 


BE Access 
Time 
tOE 
100 
os 


BE to Output 
in Low Z 
tOll 
10 
ns 


BE to Output 
in High Z'1 
tOHZ 
70 
ns 


Output 
Hold 
Time 
from OE 
tDHO 
os 


Note) 
-I. 
tCHZ 
and toHZ 
define 
the time 
at which 
the output 
goes to the high impedance 
state 
and is not referenced 
to 
output 
voltage 
levels. 
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CE 


lACE 


teu 


OE 


10. 
10HZ 


tau 
lDHO 


Dout 
High-Z 
Valid 
High-Z 


Data 


Notes) 
1. The time at which the data output becomes invalid is defined by tOHA. tOHC or tOHO. whichever occurs 


first. 


2. The time at which the data output becomes valid is defIned by tAA. tACE or tOE. whichever occurs last. 
3. The time at which the data output becomes invalid from the high impedance state is defined by tCLZ or 


tOLZ. whichever occurs last. 
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HN623258P, HN623258F 


HN623258P/F 
is a 256-Kbit 
CMOS 
mask-program 
able ROM 


organized 
as 32768-word 
x 8-bit. It can be operated 
with a battery 


because 
of low power consumption. 


Features 
" 
Low power: 
Active 100 mW (typ), Standby 51lW (typ) 


" 
Addres access time: 
200 ns (max) 


" 
Single 5 V 
" 
TTL compatible 


" 
Wired OR is permitted 
for the output in three states 


j-G· -G......, 
- 
1 
1loII.. 
Ana, 


"1.- 
- 
- 
L.... 
...J 


_00 
1 


Absolute Maximum Ratings 


Item 
Symbol 


Power supply voltage"' 
Ycc 


Terminal 
voltage"' 
YT 


Operating 
temperature 
Topr 


Storage temperature 
Tstg 
Bias temperature 
Tbias 


Note: 
*\. With respect to Vss. 


Rating 


-0.3 to +7.0 


-0.3 to Ycc +0.3 


Oto +70 


-55 to +125 
-20 to +85 


Unit 
Y 


Y 
·C 
·C 
·C 


Recommended 
Operating Conditions 


(Vss = 0 V, Ta = 0 to +70·C) 
Item 
Symbol 
Min 
Typ 


Power supply voltage 
Ycc 
4.5 
5.0 


YD-I 
2.2 


YIL 
-0.3 


Max 
Unit 
5.5 
Y 
Ycc+O.3 
Y 


0.8 
Y 
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DC Characteristics 
(Vcc = 5 V ± 10%, vss = 0 V, Ta = 0 to +70°C) 
Item 
Symbol 
Min 
Max 
Unit 
Active 
Icc 
45 
mA 
Power supply current 
Standby 
Iso 
30 
l!A 


IILl 1 
10 
l!A 
IILoI 
10 
l!A 


VOH 
2.4 
V 
VOL 
0.4 
V 


Input leak current 
Output leak current 


Test Conditions 


Vcc= 
5.5 V. lDOlTI'=0 mA. tRC= min 


Vcc= 
5.5 V. CE ~ VCC- 0.2 V 


VIN = 0 to 5.5 V 


CE = 2.2 V. VOlTI'= 0 to Vcc 


10H = -205 l!A 


10L = 3.2 mA 


capacitance 
(Vcc = 5 V ± 10%, Vss = 0 V, Ta = 25°C, Vin = 0 V, f = 1 MHz) 


Item 
Symbol 
Min 
Max 


Input capacity 
Cin 
10 


Output capacity 
Cout 
15 


Note: 
This parameter is samples and not 100% tested. 


AC Operating Characteristics 
(Vcc = 5 V ± 10%, Vss = 0 V,Ta = 0 to +70°C) 


Test Condition 


Input pulse level: 
I/O timing reference 
level: 


Input riselfall time: 
Item 


Cycle time 


Address access time 
cr access time 
CE to Output in Low Z 
Output Holt Time from Address Change 
tDHA 
IT to Output in High Z·t 
Output Hold Time from CE 
OE access time 


0.8 to 2.4V 
1.5 V 
10 ns 
Symbol 


tRC 


OE to Output in Low Z 
OE to Output in High Z·, 


Output Hold Time from OE 


tOHZ 
tDHO 


1 TIL 
gate + CL = 100 pF 
(including 
jig capacitance) 


Unit 
pF 


pF 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 
ns 
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CE 


I,co 


'e•.• 


DE 


'.. 
I••• 


I••.• 
"" 


Dout 
Hi -z 
Valid 
Hilh-Z 
D••• 


Notes: 
1. 
lDHA,lOHC, lOHO; 


2. 
lAA, tACE, tOE; 
3. 
tct:z, lOtI; 


Determined 
by whichever 
is faster. 
Determined 
by whichever 
is slower. 


Determined 
by whichever 
is slower. 
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HN62321 Series 
HN62331 Series 


HN62321, HN62331 Series is a 1-Mbit CMOS mask-program able 


ROM organized 
as 131072-word 
x a-Bit. It can be operated 
with a 


battery because of low power consumption. 
The large capacity of 1M 


bits is optimum 
for a kanji character 
generator. 


Features 


Single 5 V 
Wired OR is permitted 
for the output in three states 


TIL 
compatible 
Address 
access time: 
120/150/200 
ns (max) 


Low power: 
Active 100 mW (typ), 
Standby 5 i-lW (typ) 


Byte-Wide 
Data Organization 


Ordering Information 
Type No. 
Address Access Time 


HN62321P 
150ns 
HN62321BP 
200 ns 
HN62331P 
120ns 


HN62321F 
150 ns 
HN62321BF 
200 ns 
HN62331F 
120ns 


Package 
600 mil 
28-pin 


plastic DIP 


28-pin 


plastic SOP 


Block Diagram 


AO ___ 


--- 
-- 
-- 
DO 
1 


Address 
Memory 
3-State 
f 


Buffer 
Array 
Output 


Buffer 
A16 
___ 
-- 
-- 
-- 
07 
crv--J 
! 
1 
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Absolute Maximum 
Ratings 


Item 


Power supply voltage-' 
Terminal 
voltage-! 
Operating 
temperature 


Storage temperature 
Bias temperature 


Note: 
-\. 
With respect 
to Vss. 


Symbol 


Vee 
VT 


Topr 
Tstg 
Tbias 


Rating 


-D.3 to +7.0 


-0.3 to Vee + 0.3 
o to +70 
-55 to +125 


-20 to +85 


Recommended 
Operating Conditions (Vss = 0 V, Ta = 0 to +70°C) 
Item 
Symbol 
Min 
Typ 
Power supply voltage 
Vee 
4.5 
5.0 


VIH 
2.2 
Vn.. 
-D.3 


Max 
5.5 
Vee + 0.3 


0.8 


Unit 


V 


V 
°C 
°C 
°C 


Unit 


V 


V 


V 


DC Characteristics 
(Vcc = 5 V ± 10%, vss = 0 V, Ta = 0 to +70°C) 
Item 
Symbol 
Min 
Max 
Unit 
Active 
Ice 
50 
mA 
Power supply current 
Standby 
ISH 
30 
llA 


I ILl I 
10 
llA 
IILoI 
10 
llA 


VOH 
2.4 
V 
VOL 
0.4 
V 


Input leak current 
Output leak current 


Test Conditions 


Vee = 5.5 V, loom = 0 mA, tRe = Min 
Vee= 5.5 V, CE ~ Vee - 0.2 V 


VIN= 0 to Vee 
CE = 2.2 V, Vom = 0 to Vee 
IOH= -205 
lJ.A 


IOL= 3.2mA 


Capacitance 
(VCC = 5 V ± 10%, VSS = 0 V, Ta = 25°C, Vin = 0 V, f = 1 MHz) 
Item 
Symbol 
Min 
Max 
Input capacitance-! 
Cm 
10 


Output capacitance-! 
Cout 
15 


Unit 


pF 


pF 
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AC Operating Characteristics 
(Vcc = 5 V ± 10%, Vss = 0 V, Ta = 0 to +70°C) 


Test Cond"lons 


Input pulse level: 
110 timing reference 
level: 
Input riselfall time: 


0.8 to 2.4 V 
1.5 V 
10 ns 


1 TIL gate + CL = 100 pF 
(including 
jig capacitance) 


HN62331 
HN62321 
HN62321B 


Item 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 


Cycle time 
IRc 
120 
150 
200 
ns 
Address access time 
lAA 
120 
150 
200 
ns 
t:E access time 
lACE 
120 
150 
200 
ns 
Output Hold Time from Address 


Change 
lDHA 
0 
0 
0 
ns 
Output Hold Time from CE 
lDHC 
0 
0 
0 
ns 


CE to Output in High Z 
tCHZ"l 
60 
70 
100 
ns 
CE to Output in Low Z 
tCLZ 
5 
10 
10 
ns 


Notes: 
I. 
IDHA,tDHC; 


2. 
lAA,lACE; 


Determined by whichever is faster. 
Detennined by whichever is slower. 
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131,072 x 8-Bit CMOS MASK Programmable 
Read Only Memory 


• 
DESCRIPTION 


The 
HN62331A 
is a 1-Mbit 
CMOS 
mask-programmable 
ROM 


organized 
as 131,072-words 
x a-bits. Realizing low power consump- 


tion, this memory 
is allowed 
for battery 
operation. 
In addition, 
the 


HN62331A, which provides large capacity of 1M bits, is ideally suited 
for kanji character 
generators. 


I 


• 
FEATURES 


• Single 
+ 5V Power Supply 
• Three-State 
Data Output for OR-Tieing 


• TTL Compatible 
• Maximum 
Access Time 
120ns (max.) 


• Low Power Consumption 
100mW (typ.) Active 
5p.W (typ.) Standby 


• Byte-wide 
Data Organization 


• Pin Compatible 
with JEDEC 


Type No. 
Access Time 
Package 


HN62331AP 
120ns 
600 mil 32 pin 
Plastic DIP 


HN62331AF 
120ns 
32 pin Plastic SOP 
Vcc 


NC 


NC 


A14 


A13 
As 


Ag 


All 


OE 
Am 
CE 


07 


06 
05 


04 
03 
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Item 
Symbol 
Value 
Unit 
Note 


Supply Voltage 
Vee 
-0.3 
- 
+7.0 
V 
I 


All Input and Output Voltage 
VT 
-3.0 
- 
Vee 
+0.3 
V 
I 


Operating 
Temperature 
Range 
Too, 
0- 
+70 
°C 


Storage Temperature 
Range 
TSt2 
-55 
- 
+125 
°C 


Temperature 
Under Bias 
Tbias 
-20 
- 
+85 
°C 


Item 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Supply Voltage 
Vee 
4.5 
5.0 
5.5 
V 


VIH 
2.4 
- 
Vee 
+ 0.3 
V 
Input Voltage 


V1L 
-0.3 
0.45 
V 
- 


Item 
Symbol 
Test Condition 
Min. 
Max. 
Unit 


I Active 
Ice 
Vee = 5.5V, IDouT = OmA, tRe = Min. 
- 
50 
mA 
Supply Current 
I Standby 
ISB 
Vee = 5.5V, CE ;:: Vee - 0.2V 
30 
p.A 
- 


Input Leakage Current 
IIId 
V1N = 0 - 
Vee 
- 
10 
p.A 


Output Leakage Current 
IloLI 
CE = 2.4V, VOUT = 0 - 
Vee 
- 
10 
p.A 


VOH 
IOH = -205p.A 
2.4 
- 
V 
Output Voltage 


VOL 
IOL = 1.6mA 
0.4 
V 
- 
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Item 
Symbol 
Min. 
Max. 
Unit 


Input Capacitance 
CIN 
- 
10 
pF 


Output Capacitance 
COUT 
- 
15 
pF 


Item 
Symbol 
Min. 
Max. 
Unit 


Read Cycle Time 
tRC 
120 
- 
ns 


Address Access Time 
tAA 
- 
120 
ns 


CE Access Time 
tACE 
- 
120 
ns 


OE Access Time 
tOE 
- 
60 
ns 


Output Hold Time From Address Change 
tDHA 
0 
- 
ns 


Output Hold Time From CE 
tDHC 
0 
- 
ns 


Output Hold Time From OE 
tDHO 
0 
- 
ns 


CE to Output in High Z 
'cHZ· 
- 
60 
ns 


OE to Output in High Z 
tOHZ· 
- 
60 
ns 


CE to Output in Low Z 
'cLZ 
5 
- 
ns 


OE to Output in Low Z 
'oLZ 
5 
- 
ns 


NOTE: 
• lcHZ and 10HZ are defined 
as the time at which the output achieves 
the open circuit 
conditions 
and are not referred 
to 
output 
voltage levels. 


~HITACHI 


Hitachi America, Ltd.• 
Hitachi Plaza. 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 
1071 


• Test Conditions 


• Input Pulse Level: 0.45 
- 
2.4V 
• Input and Output Timing Reference 
Level: 1.5V 
• Input Rise and Fall Time: IOns 
• Output Load: I TIL 
gate + CL = IOOpF 


(including 
scope and jig capacitance) 


lRC 


Address 


1M 


CE 


lACE 
lCLl 


DE 


IOE 


lOLl 


Dout 
High Z 


1. tOHA. tOHC. tOHO; determined 
by faster. 


2. tAA. tACE. toE; determined 
by slower. 


3. tCLZ. toLZ; determined 
by slower. 
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HN62331P/F 


131,072 x 8-Bit CMOS MASK Programmable 
Read Only Memory 


• 
DESCRIPTION 


The 
HN62331 
is a 1-Mbit 
CMOS 
mask-programmable 
ROM 
organized 
as 131,072-words 
x a-bits. Realizing low power consump- 
tion, this memory 
is allowed 
for battery 
operation. 
In addition, 
the 
HN62331, which provides 
large capacity 
of 1M bits, is ideally suited 
for kanji character 
generators. 


• 
FEATURES 


• Single 
+ 5V Power Supply 
• Three-State 
Data Output for OR-Tieing 
• TTL Compatible 
• Maximum 
Access Time 
120ns (max.) 
• Low Power Consumption 
100mW (typ.) Active 
5p.W (typ.) Standby 
• Byte-wide 
Data Organization 
• Pin Compatible 
with JEDEC 


Type No. 
Access Time 
Package 


HN62331P 
120ns 
600 mil 32 pin 
Plastic DIP 


HN62331F 
120ns 
32 pin Plastic SOP 
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HN62331P/F 
----------------------------- 


• 
ABSOLUTE 
MAXIMUM 
RATINGS 


Item 
Symbol 
Value 
Unit 
Note 


Supply Voltage 
Vee 
-0.3 
- 
+7.0 
V 
I 


All Input and Output Voltage 
VT 
-3.0 
- 
Vee 
+0.3 
V 
I 


Operating 
Temperature 
Range 
Toor 
0- 
+70 
°C 


Storage Temperature 
Range 
TSI• 
-55 
- 
+125 
°C 


Temperature 
Under Bias 
Tbias 
-20 
- 
+85 
°C 


Item 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Supply Voltage 
Vee 
4.5 
5.0 
5.5 
V 


VIH 
204 
- 
Vee 
+ 0.3 
V 
Input Voltage 


V1L 
-0.3 
0045 
V 
- 


Item 
Symbol 
Test Condition 
Min. 
Max. 
Unit 


I Active 
Ice 
Vee = 5.5V,lDoUT 
= OmA, tRe = Min. 
- 
50 
mA 
Supply Current 
I Standby 
ISB 
Vee = 5.5V, CE 
?:; Vee - 0.2V 
30 
p.A 
- 


Input Leakage Current 
IIILI 
V1N = 0 - 
Vee 
- 
10 
p.A 


Output Leakage Current 
IIoLi 
CE = 204V, VOUT = 0 - 
Vee 
- 
10 
p.A 


VOH 
IOH = -205p.A 
204 
- 
V 
Output Voltage 


VOL 
IOL = 1.6mA 
004 
V 
- 
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Item 
Symbol 
Min. 
Max. 
Unit 


Input Capacitance 
C1N 
- 
10 
pF 


Output Capacitance 
COUT 
- 
15 
pF 


Item 
Symbol 
Min. 
Max. 
Unit 


Read Cycle Time 
tRC 
120 
- 
ns 


Address Access Time 
tAA 
- 
120 
ns 


CE Access Time 
tACE 
- 
120 
ns 


Output Hold Time From Address Change 
tDHA 
0 
- 
ns 


Output Hold Time From CE 
tDHC 
0 
- 
ns 


CE to Output in High Z 
lcHZ* 
- 
60 
ns 


CE to Output in Low Z 
lcLZ 
5 
- 
ns 


NOTE: 
• tCHZ and 10HZare defined 
as the time at which the output achieves 
the open circuit 
conditions 
and are not referred 
to 


output voltage levels. 
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• Test Conditions 


• Input Pulse Level: 0.45 
- 
2.4V 


• Input and Output Timing Reference 
Level: 1.5V 


• Input Rise and Fall Time: IOns 
• Output Load: I TTL gate + CL = lOOpF 
(including 
scope and jig capacitance) 


1. tOHA. tOHC; determined 
by faster. 


2. tAA. tACE: determined 
by slower. 
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HN62321 E Series 
HN62331 E Series 


HN62321 E, 
HN62331 E 
Series 
is 
a 
1-Mbit 
CMOS 
mask- 
programable 
ROM organized 
as 131072-word 
x a-bit. 
It can be 


operated 
with a battery 
because 
of low power consumption. 
The 
large capacity of 1M bits is optimum for a kanji character 
generator. 


Features 
Single 5 V 
Wired OR is permitted 
for the output in three states 


TTL compatible 
Address 
access time: 
1201200 ns (max) 
DE access time: 
60/100ns 
(max) 


Low power: 
100 mW (typ) 
Byte-Wide 
Data Organization 


Ordering Information 
Type No. 
Address Access Time 


HN62321EP 
200ns 
HN62331EP 
120 ns 
HN62321EF 
200ns 
HN62331EF 
120ns 


Package 
600 mil 28-pin 


plastic DIP 
28-pin 


plastic SOP 


Address 


Buffer 


Memory 


Array 


3-State 


Output 


Buffer 


@HITACHI 


Hitachi America, Ltd.• 
Hitachi Plaza. 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 
1077 


Absolute Maximum Ratings 


Item 
Power supply voltage'l 
Terminal 
voltage'l 


Operating 
temperature 


Storage temperature 
Bias temperature 


Note: 
't. 
With respect to Vss. 


Symbol 
Vee 
VT 


Topr 


Tstg 


Tbias 


Rating 


-0.3 to +7.0 


-0.3 to Vee + 0.3 


Oto +70 


-55 to +125 
-20 to +85 


Unit 
V 


V 
·C 
·C 
·C 


Recommended 
Operating 
Conditions 
(Vss = 0 V. Ta = 0 to +70°C) 
Item 
Symbol 
Min 
Typ 


Power supply voltage 
Vee 
4.5 
5.0 


VlH 
2.2 


VIL 
-0.3 


Max 
5.5 
Vee + 0.3 


0.8 


Unit 
V 


V 


V 


Item 
Power supply current 
Input leak current 


Output leak current 


Output voltage 


Symbol 
Min 
Ice 
I ILl I 
IILoI 
VOH 
2.4 


VOL 


Max 
Unit 


50 
mA 
10 
J.lA 


10 
J.lA 


V 
0.4 
V 


Test Conditions 
Vee = 5.5 V, IDom = 0 mA, tRe = Min 
Vm = 0 to Vee 
OE = 2.2 V, Vom = 0 to Vee 
10H= -205 
J.lA 


10L = 3.2 mA 


Capacitance 
(VCC= 5 V ± 10%, Vss = 0 V, Ta = 25°C, Vin = 0 V, f = 1 MHz) 


Item 
Symbol 
Min 
Max 


Input capacitance'! 
Cm 
10 


Output capacitance'! 
Cont 
15 


Note: 
'). 
This parameter 
is sampled 
and not 100% tested. 


Unit 
pF 
pF 


AC Operating Characteristics 
(Vcc = 5 V ± 10%, vss = 0 V, Ta = 0 to +70°C) 


Test Conditions 


Input pulse level: 
110 timing reference 
level: 


Input riselfall time: 


0.8 to 2.4 V 
1.5 V 
10 ns 


1 TIL gate + CL = 100 pF 
(including 
jig capacitance) 


Item 
HN62331E 
HN62321E 
Symbol 
Min 
Max 
Min 
Max 
Unit 


Cycle time 
IRe 
120 
200 
ns 
Address access time 
tAA 
120 
200 
ns 
OE access time 
toE 
60 
100 
ns 
Output Hold Time from Address 


Change 
lDHA 
0 
0 
ns 
Output Hold Time from OE 
lDHO 
0 
0 
ns 
OE to Output in High Z 
toHZ-t 
60 
100 
ns 
OE to Output in Low Z 
tou 
5 
10 
ns 
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Notes: 
I. 
lDHA. lDHO; 


2. 
lAA,IOE; 


Determined 
by whichever 
is faster. 


Determined 
by whichever 
is slower. 
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HN62321 A Series --------- 
HN62331 A Series 


Ordering Information 


Type No. 
Address Access Time 
HN62321AP 
150 ns 
HN62331AP 
120ns 


HN62321AF 
150 ns 


HN62331AF 
120 ns 


Package 


600 mil 32-pin 
plastic DIP 


32-pin 
plastic SOP 


Pin Arrangement 


NC 
Vcc 


Al6 
NC 


A1S 
NC 


Al2 
A14 


A7 
Al3 


A6 
AS 


AS 
A9 


A4 
All 


A3 


A2 
AID 


A1 


AD 


00 
06 


01 
OS 


02 
04 


Vss 
03 


(fop View) 


HN62321A, 
HN62331A 
Series 
is 
a 
1-Mbit 
CMOS 
mask- 


program able ROM organized 
to 131072-word 
x 8-bit. 
It can be 


operated 
with a battery 
because 
of low power consumption. 
The 


large cal?acity of 1M bits is optimum for a kanji character 
generator. 


Features 


Single 5 V 
Wired OR is permitted 
for the output in three states 


TTL compatible 
Address 
access time: 
120/150 ns (max) 


Low power: 
Active 
100 mW (typ) 


Standby 
5 ',LW(typ) 


Byte-Wide 
Data Organization, 
JEDEC 
pin arrangement 


Address 


Buffer 


Memory 


Array 


3-State 


Output 


Buffer 
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Absolute Maximum Ratings 
Item 


Power supply voltage'! 
Terminal 
voltage'! 


Operating 
temperature 


Storage temperature 


Bias temperature 


Note: 
"I. 
Wilh respect to Vss. 


Symbol 


Vcc 
VT 
Topr 
Tstg 


Tbias 


Rating 


"{).3 to +7.0 


"{).3 to Vcc + 0.3 


Oto +70 
-55 to +125 
-20 to +85 


Recommended 
Operating Conditions 
(Vss = 0 V, Ta = 0 to +70°C) 
Item 
Symbol 
Min 
Typ 


Power supply voltage 
Vcc 
4.5 
5.0 


VD-l 
2.2 
Vn. 
..{).3 


Max 
5.5 
Vcc+ 
0.3 


0.8 


Unit 


V 
V 
·C 
·C 
·C 


Unit 


V 


V 
V 


DC Characteristics 
(Vcc = 5 V i 10%, vss = 0 V, Ta = 0 to +70°C) 
Item 
Symbol 
Min 
Max 
Unit 


Active 
Icc 
50 
mA 
Power supply current 


Standby 
~8 
30 
~A 


I ILl 1 
10 
~A 
IILo I 
10 
~A 


VOH 
2.4 
V 


VOL 
0.4 
V 


Input leak current 
Output leak current 


Test Conditions 


Vcc= 
5.5 V, loolIT= 0 mA. tRC= Min 


Vcc = 5.5 V, CE ~ Vcc..{).2 V 


VlN= 0 to Vcc 


CE = 2.2 V. VOIIT= 0 to Vcc 


10H= -205 
~ 
10L= 3.2mA 


Capacitance 
(Vcc= 
5 Vi 
10%, Vss= 0 V, Ta= 25°C, Vin =0 V, f= 1 MHz) 
Item 
Symbol 
Min 
Max 


Input capacitance'! 
Cin 
10 


Output capacitance'! 
Cout 
15 


Unit 
pF 
pF 
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0.8 to 2.4 V 
1.5 V 
10 ns 


AC Operating Characteristics 
(Vcc = 5 V ± 10%, Vss = 0 V, Ta = 0 to +70°C) 
Test Conditions 
Input pulse level: 
I/O timing reference 
level: 
Input riselfall time: 


1 TIL gate + CL = 100 pF 
(including 
jig capacitance) 


Item 
HN62331A 
HN62321A 
Unit 
Symbol 
Min 
Max 
Min 
Max 
Cycle time 
IRc 
120 
150 
ns 


Address access time 
lAA 
120 
150 
ns 
CE access time 
lACE 
120 
150 
ns 


DE access time 
toE 
60 
70 
ns 


Output Hold Time from Address Change 
lDHA 
0 
0 
ns 
Output Hold Time from CE 
lDHC 
0 
0 
ns 


Output Hold Time 
from DE 
lDHO 
0 
0 
ns 
CE to Input in High Z 
lcHZ'! 
60 
70 
ns 
DE to Input in High Z 
toHZ-) 
60 
70 
ns 
cr to Output in Low Z 
lCLZ 
5 
10 
ns 


OF: to Output in Low Z 
tou 
5 
10 
ns 


Notes: 
1. 
lDHA,lDHC.lDHO; 


2. 
lAA,tACE,tOE; 


3. 
ta.z, IOU; 


Oetennined 
by whichever 
is faster. 


Detennined 
by whichever 
is slower. 


Oetennined 
by whichever 
is slower. 
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HN62412 Series 
HN62422 Series 


HN62412, 
HN62422 Series is a 2-Mbit CMOS mask-program able 


ROM organized 
either as 131 072-word x 16-bit or as 262144-word 


x 8-bit. 
It can be operated 
with a battery 
because 
of low power 


consumption. 
The large capacity 
of 2M bits is optimum for a kanji 


character 
generator. 


Features 


Single 5 V 


Wired OR is permitted 
for the output in three states 


TIL 
compatible 


Address 
access time: 
1501200 ns (max) 


Low power: 
Active 
100 mW (typ) 


Standby 
5 ',!W (typ) 


Byte-Wide 
or Word-Wide 
Data Organization 
(switched 
by BHE 


terminal) 


Ordering 
Information 


Type No. 
Address Access Time 


HN62412P 
200 ns 
HN62422P 
150 ns 


HN62412FP 
200ns 
HN62422FP 
150 ns 


Package 


600 mil 40-pin 
plastic DIP 
M-pin 
plastic QFP 


Pin Arrangement 


HN62412P, 
HN62422P 


NC 
A8 


A7 
A9 


A6 
AIO 


AS 
All 


A4 
AI2 


A3 
AI3 


A2 
AI4 


Al 
AI5 


AO 
AI6 


CE 
BHE 


V., 
V., 


DE 
015/ 
(A-ll 


00 
07 


08 
014 


01 
06 


09 
013 


02 
05 


010 
012 


03 
04 


011 
Vcc 


(fop View) 


HN62412FP, 
HN62422FP 


<o:I"MN~OO"lOOr-(,DLO"'" 
1""''''''''''''''''''''' 
M M M M 
MM33 


2 
~ 


3 
31 
4 
m 


5 
n 


6 
U 


7 
V 


8 
~ 


9 
~ 


10 
" 


11 
23 


NMoo:tLOl,Dr-comO_N 
•...•.... 
..- 
....•...•... 
__ 
NNN 


A13 


A14 


A15 


A16 
BHE 
NC 


Vss 
015/A-l 
07 
D14 
D6 
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-EJex/ - 
Byte 


- 
- 
- 
015/(07) 
'------' 
'------' 


l~g==_Qf 


3-State 
Output 
Buffer 


BHE = 
VIH: 
16 bits (DI5-00) 
BHE = Vn.: 
8 bits (D7-00) 
*1 
A -I is least significant 
address 
input, and D 14-D8 
are of high impedance. 


Absolute Maximum Ratings 
Item 
Power supply voltage'! 
Terminal 
voltage'! 
Operating 
temperature 


Storage temperature 


Bias temperature 


Note: 
'I. 
With respect to Vss 


Symbol 


Vcc 
VT 


Topr 
Tstg 
Tbias 


Rating 


-0.3 
to +7.0 


-0.3 to Vee + 0.3 
o to +70 
-55 
to +125 


-20 to +85 


Unit 
V 
V 
·C 
·C 
·C 


Recommended 
Operating Copndltlons 
(VSS = 0 V, Ta = 0 to +70°C) 
Item 
Symbol 
Min 
Typ 
Power supply voltage 
Vee 
4.5 
5.0 


VIH 
2.2 
Vn. 
-0.3 


Max 
5.5 
Vee + 0.3 


0.8 


Unit 
V 


V 


V 


DC Characteristics 
(Vcc = 5 Y ± 10%, Yss = 0 Y, Ta = 0 to +70°C) 
Item 
Symbol 
Min 
Max 
Unit 
Active 
Ice 
50 
mA 
Power supply current 
Standby 
!sa 
30 
~A 


lhotl 
10 
~A 


Ih.oI 
10 
~A 


VOH 
2.4 
V 
VOL 
0.4 
V 


Input leak current 


Output leak current 


Test Conditions 
Vee = 5.5 V, Ioour = 0 mA, tRe = Min 


Vee = 5.5 V, rr~Vee- 
0.2 V 


VIN=OtoVee 


CE = 2.2 V, Vour = 0 to Vee 


IOH= -205 
~ 
IOL= 1.6 mA 
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Capacitance 
(Vcc = 5 V ± 10%, vss = 0 V, Ta = 25°C, Vin = 0 V, f = 1 MHz) 
Item 
Symbol 
Min 
Max 


Input capacitance' 
1 
Cm 
15 


Output capacitance'! 
Cout 
15 


Unit 
pF 
pF 


AC Operating Characteristics 
(Vcc = 5 V ± 10%, vss = 0 V, Ta = 0 to +70°C) 


Test Conditions 
Input pulse level: 
I/O timing reference 
level: 


Input riselfall time: 


0.8 to 2.4 V 
1.5 V 
10 ns 


1 TTL gate + CL = 100 pF 
(including 
jig capacitance) 


Item 
Symbol 
HN62422 
HN62412 
Unit 


Min 
Max 
Min 
Max 
Cycle time 
IRc 
150 
200 
ns 


Address access time 
lAA 
150 
200 
ns 


CE access time 
lACE 
150 
200 
ns 


OE access time 
tOB 
70 
100 
ns 


BHE access time 
lBHB 
150 
200 
ns 
Output Hold Time from Address 


Change 
tDHA 
0 
0 
ns 
Output Hold Time from CE 
tDHC 
0 
0 
ns 
Output Hold Time from OE 
tDHO 
0 
0 
ns 


Output Hold Time from BHE 
tDH8 
0 
0 
ns 


CE to Output in High Z 
tcHz'l 
70 
70 
ns 


OE to Output in High Z 
tOHZ'! 
70 
70 
ns 


BHE to Output in High Z 
t8HZ'1 
70 
70 
ns 


CE to Output in Low Z 
tcLz 
10 
10 
ns 
OE to Output in Low Z 
tOLZ 
10 
10 
ns 
BHE to Output in Low Z 
tBLZ 
10 
10 
ns 


Note: 
"I 
ICHZ,IOHZ,and 18HZdefinethe time al which the outpul goes 10the high impedance stale and is not referenced 10output voltage 
level. 
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Timing Waveform 
Word Mode (BHE = "VIH") or Byte Mode (BHE = "VIL") 
~ 
'. 
t 


--1~-----t·-·------------_-r-,-,,,--,------ 


Notes: 
1. 
IDHA.IDHC.IDHO; 
2. 
lAA, tACE, tOE; 
3. 
ta.z. 1012; 


Determined 
by whichever 
is faster. 


Determined 
by whichever 
is slower. 


Determined 
by whichever 
is slower. 


Notes: 
1. 
CEo OE are of selected 
slatus. AI6--AO are fIxed. 


2. 
DI5/A-I 
terminal 
is of output 
slate when BHE = VIH. CE andOEare 
of selected 
slate. 


At this time, an input signal that is of the inverse phase to the output should not be impressed. 


~HITACHI 


1086 
Hitachi America, Ltd.• 
Hitachi Plaza' 
2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 


HN62404 Series 
HN62424 Series 


HN62404, HN62424 Series is a 4-Mbit CMOS mask-programable 


ROM organized 
either as 262144-word 
x 16-bit or as 524288-word 


x 8-bit. 
h can be operated 
with a battery 
because 
of low power 


consumption. 
The large capacity 
of 4M bits is optimum for a kanji 


character 
generator. 


Features 
Single 5 V 
Wired OR is permitted 
for the output in three states 


TTL compatible 
Address 
access ccess time: 
1501200 ns (max) 


Low power: 
Active 
100 mW (typ) 


Standby 
5 I1W (typ) 


Byte-Wide 
or Word-Wide 
Data Organization(switched 
by BHE 


terminal) 


Ordering Information 


Type No. 
Address Access Time 
HN62404P 
200 ns 


HN62424P 
150 ns 
HN62404FP 
200 ns 


HN62424FP 
150 ns 


Package 
600 mil 40-pin 


plastic DIP 
44-pin 
plasticQFP 


Pin Arrangement 


HN62404. 
HN62424P 


013 


24 
os 


23 
012 


22 
04 


21 
Vcc 


••MN 
•.... 
0 cnccr-\D..n. 
1 .• 
..,. ..,. ..,. .• 
M M M M ('''')('''33 


2 
32 


3 
31 
4 
~ 


5 
29 


6 
U 
7 
n 
8 
~ 


9 
U 


10 
" 
11 
23 


NM 
.• l.O\Dr-cocnO 
•.... 
N 
•....•...•....•...•...•....•....•... 
NNN 


A13 


A14 
A15 


A16 
BHE 
NC 
V •• 
015/A-l 
07 
014 
06 
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-EJex/ - 
Byte 


- 
- 
- 
D15/(D7) 
'-------' 
'-------' 


~~~====~ 


3-State 
Output 
Buffer 


BHE = 
VIH: 
16 bits (OIS-DO) 
BHE = 
VIL: 
8 bits (D7-DO) 
*1: 
A-I is least significant address input, and 014-08 are of high impedance. 


Absolute Maximum Ratings 


Item 
Power supply voltage' 
Terminal 
voltage·' 
Operating 
tern perature 


Storage temperature 
Bias temperature 


Note: 
.1. 
With respect to Vss. 


Symbol 


Vee 
VT 
Topr 
Tstg 
Tbias 


Rating 


-D.3 to +7.0 


-D.3 to Vee + 0.3 
o to +70 
-55 to +125 


-20 to +85 


Unit 
V 


V 
°C 
°C 
°C 


Recommended 
Operating Conditions 
(V55 = 0 V, Ta = 0 to +70°C) 
Item 
Symbol 
Min 
Typ 
Power supply voltage 
Vee 
4.5 
5.0 


VIH 
2.2 


VIL 
-D.3 


Max 
5.5 
Vee + 0.3 


0.8 


Unit 


V 


V 
V 


DC Characteristics 
(Vcc = 5 V ± 10%, V55 = 0 V, Ta = 0 to +70°C) 
Item 
Symbol 
Min 
Max 
Unit 


Active 
Ice 
50 
mA 
Power supply current 
Standby 
ISD 
30 
~A 


I ILl I 
10 
~A 


IILo I 
10 
~A 
VOH 
2.4 
V 


VOL 
0.4 
V 


Input leak current 
Output leak current 


Test Conditions 


Vee = 5.5 V, loom = 0 mA, tRe = Min 
Vee= 
5.s V,CE:?:Vee-0.2 
V 


VIN= 0 to Vee 
CE = 2.2 V, Vom = 0 to Vee 


IOH= -205 
~ 
IOL= 1.6 mA 
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Capacitance 
(Vcc = 5 V ± 10%, vss = 0 V, Ta = 25°C, Vin = 0 V, f = 1 MHz) 
Item 
Symbol 
Min 
Max 
Input capacitance'! 
Cin 
15 


Output capacitance'l 
Cout 
15 


Unit 


pF 


pF 


AC Operating 
Characteristics 
(Vcc = 5 V ± 10%, vss = 0 V, Ta = 0 to +70°C) 
Test Conditions 


Input pulse 
level: 
0.8 to 2.4 V 
Output 
load: 
1 TIL gate 
+ CL = 100 pF 
I/O timing 
reference 
level: 
1.5 V 
(including 
jig capacitance) 
Input riselfall time: 
10 ns 


Item 
Symbol 
HN62424 
HN62404 
Unit 
Min 
Max 
Min 
Max 
Cycle time 
tRc 
150 
200 
ns 


Address access time 
tAA 
150 
200 
ns 


CE access time 
tACE 
150 
200 
ns 


OE access time 
tOE 
70 
100 
ns 
BHE access time 
tBHE 
150 
200 
ns 


Output Hold Time from Address 


Change 
IDHA 
0 
0 
ns 


Output Hold Time from CE 
IDHC 
0 
0 
ns 


Output Hold Time from OE 
IDHO 
0 
0 
ns 


9utput 
Hold Time from BHE 
IDHB 
0 
0 
ns 
cr to Output in High Z 
tCHZ·t 
70 
70 
ns 


OE to Output in High Z 
tOHZ·1 
70 
70 
ns 


BHE to Output in High Z 
tBHZ·t 
70 
70 
ns 


CE to Output in Low Z 
tCLZ 
10 
10 
ns 


OE to Output in Low Z 
toLZ 
10 
10 
ns 


BHE to Output in Low Z 
tBLZ 
10 
10 
ns 


Note: 
*1 
tCHZ,tOHZ,and tBHZdefinethe time at which the output goes to the high impedance state and is not referenced to output voltage 
level. 
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__ 
l•.=.! 
_ 


.._I_tL~ __ 


Notes: 
1. 
lDHA,lDHC, lDHO; 


2. 
lAA, tACE, IOE; 


3. 
tCLZ, IOU; 


Determined 
by whichever 
is faster. 


Determined 
by whichever 
is slower. 
Determined 
by whichever 
is slower. 


Notes: 
1. 
CE, OE are of selected 
status. Al7-AO 
are fixed. 
2. 
DI5/A-\terminal 
is of output state when BHE = VD-!,CE and OE are of selected 
state. 


At this time, an input signal that is of the inverse phase to the output should not be impressed. 


~HITACHI 


1090 
Hitachi America, Ltd.' 
Hitachi Plaza' 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819' 
(415) 589-8300 


HN623048 Series 
HN623248 Series 


HN62304B, 
HN62324B 
Series 
is 
a 
4-Mbit 
CMOS 
mask- 


program able ROM organized 
as 524288-word 
x 8-bits. 
It can be 


operated 
with a battery 
because 
of low power consumption. 
The 


large capacity of 4M bits is optimum for a kanji character 
generator. 


Vcc 


A16 
A18 


Al5 
Al7 


Al2 
A14 


A7 
A13 


A8 


A9 


A4 
All 


A3 
OE 


A2 
A10 


A1 
CE 


07 


06 


01 
05 


04 


03 


(Top View) 


Features 
Single 5 V 
Wired OR is permitted 
for the output in three states 


TIL 
compatible 


Address 
access time: 
1501200 ns (max.) 


Low power: 
Active 
100 mW (typ) 


Standby 
51lW (typ) 


Byte-Wide 
Data Organization 


Ordering 
Information 


Type No. 
Address Access Time 


HN62304BP 
200 ns 
HN62324BP 
150 ns 
HN62304BF 
200 ns 
HN62324BF 
150 ns 


Package 
600 mil 32-pin 
plastic DIP 
32-pin 


plastic SOP 
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Absolute Maximum Ratings 
Item 


Power supply voltage·' 


Terminal voltage·' 
Operating 
temperature 


Storage temperature 


Bias temperature 


Symbol 


Vcc 
VT 


Topr 


Tstg 
Tbias 


Rating 
-0.3 to +7.0 


-0.3 to Vcc + 0.3 
o to +70 


-55 to +125 
-20 to +85 


Unit 
V 


V 
°C 
°C 
°C 


Recommended 
Operating Conditions (Vss = 0 V, Ta = 0 to +70°C) 
Item 
Symbol 
Min 
Typ 


Power supply voltage 
Vcc 
4.5 
5.0 


VIH 
2.2 


Vo.- 
-0.3 


Max 


5.5 
Vcc + 0.3 


0.8 


Unit 


V 


V 
V 


DC Characteristics 
(Vcc = 5 V ± 10%, Vss = 0 V, Ta = 0 to +70°C) 


Item 
Symbol 
Min 
Max 
Unit 


Active 
Ice 
50 
mA 
Power supply current 


Standby 
ISB 
30 
IlA 
1ILl 1 
10 
IlA 
1Iw 1 
10 
IlA 
VOH 
2.4 
V 
VOL 
0.4 
V 


Input leak current 
Output leak current 


Test Conditions 


Vcc = 5.5 V, loolIT = 0 mA, tRC= Min 
Vce = 5.5 V, CE ~ Vcc- 
0.2 V 


VIN= 0 to Vce 
CE = 2.2 V, VOlIT= 0 to Vcc 
IOH= -205 
IJ.A 


IOL = 1.6 mA 


Capacitance 
(Vcc = 5 V ± 10%, Vss = 0 V, Ta = 25°C, Vin = 0 V, f = I MHz) 


Item 
Symbol 
Min 
Max 


Input capacitance·t 
Cm 
15 


Output capacitance·t 
Cout 
15 


Note: 
.1. 
This parameter 
is sampled 
and not 100% tested. 


Unit 
pF 
pF 
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AC Operating Characteristics 
(Vcc = 5 V ± 10%, Vss = 0 V, Ta = 0 to +70°C) 
Test Conditions 


Input pulse level: 
va timing reference 
level: 


Input riselfall time: 


0.8 to 2.4 V 
1.5 V 
10 ns 


1 TIL gate + CL = 100 pF 
(including 
jig capacitance) 


Item 
Symbol 
HN62324B 
HN62304B 
Unit 
Min 
Max 
Min 
Max 


Cycle time 
IRc 
150 
200 
ns 


Address access time 
tAA 
150 
200 
ns 
CE access time 
tACE 
150 
200 
ns 
OE access time 
tOE 
70 
100 
ns 
Output Hold Time from Address 


Change 
IDHA 
0 
0 
ns 
Output Hold Time from CE 
IDHC 
0 
0 
ns 
Output Hold Time from OE 
IDHO 
0 
0 
ns 
CE to Output in High Z 
lorz·t 
70 
70 
ns 
OE to Output in High Z 
tOHZ", 
70 
70 
ns 
CE to Output in Low Z 
teLZ 
10 
10 
ns 
"OE to Output in Low Z 
toLZ 
10 
10 
ns 
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Notes: 
1. 
tDHA,tDHC.tDHO; 
2. 
lAA, tACE, IOE; 


3. 
tCLZ, tOLZ; 


Determined 
by whichever 
is Caster. 


Determined 
by whichever 
is slower. 


Determined 
by whichever 
is slower. 


~HITACHI 


1094 
Hitachi America, Ltd .• 
Hitachi Plaza· 
2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 


HN62444 
SerieS-Preliminary 


262,144 
x 16-Bitl524,288 
x 8-Bit CMOS MASK Programmable 


Read Only Memory 


• 
DESCRIPTION 


The HN62444 
is a 4-Mbit CMOS mask-programmable 
ROM orga- 


nized either as 262,144 words by 16 bits or as 524,288 
words by 8 


bits. Realizing 
low power consumption, 
this memory 
is allowed for 


battery 
operation. 
In addition, 
the HN62444, 
which 
provides 
large 


capacity 
of 4M bits, is ideally suited for kanji character 
generators. 


• 
FEATURES 


• Single 
+ 5V Power Supply 
• Three-State 
Data Output for OR-Tieing 


• TIL 
Compatible 
• Maximum 
Access Time 
100ns (max.) 


• Low Power Consumption 
150mW (typ.) Active 
5p.W (typ.) Standby 


• Byte-wide 
or Word-wide 
Data Organization 
with BHE 
• 


Type No. 
Access Time 
Package 


HN62444P 
lOOns 
600 mil 40 pin 
Plastic DIP 


HN62444FP 
lOOns 
44 pin Plastic QFP 


HN62444F 
lOOns 
48 pin Plastic SOP 


A17 


CE 


SHE 


(A-1)* 


OE 


D15 


I(D7) 


BHE = VIH; 
16-bit (D15 
- 
Do) 
BHE = V1L; 8-bit (D7 
- 
Do) 
• A-I is least significant 
address. 
When BHE is "low", 
DI4 
- 
D8 goes the high impedance 
state. 


@HITACHI 


Hitachi America, ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 • (415) 589-8300 
1095 


HN62444 
Series 


• 
PIN ARRANGEMENT 


HN62444P 
HN62444F 


NC 
NC 


A17 
As 


A17 
Ae 
A7 
As 


A7 
As 
As 
Al0 


As 
Al0 
As 
All 


As 
All 
A4 
A12 


A4 
A12 
As 
A13 


A3 
A13 
A2 
A14 


A2 
A14 
Al 
A1S 


Al 
A1S 
Ao 
A1S 


Ao 
A1S 
NC 
NC 


CE 
SHE 
NC 
NC 


Vss 
Vss 
NC 
NC 


DE 
01s1A-1 
CE 
SHE 


00 
07 
Vss 
Vss 


Oe 
014 
DE 
01s1A-1 


01 
Os 
00 
07 


Os 
013 
Oe 
014 


02 
05 
01 
Os 


010 
012 
Os 
013 


03 
04 
02 
05 


011 
Vcc 
010 
012 


03 
04 


011 
Vcc 


(Top View) 
(Top View) 


NOTE: 
11-13 pins and 36-38 
pins are connected 


to inner lead frame. 


HN62444FP 


~ 
33 


A2 
32 


A, 
31 


Ao 
30 


CE 
29 


NC 
28 


Vss 
27 


OE 
26 


Do 
25 


08 
24 
01 
23 
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Item 
Symbol 
Value 
Unit 
Note 


Supply Voltage 
Vee 
-0.3 
- 
+7.0 
V 
I 


All Input and Output Voltage 
VT 
-0.3 
- 
Vee 
+0.3 
V 
I 


Operating 
Temperature 
Range 
Toor 
0- 
+70 
°C 


Storage Temperature 
Range 
TSl2 
-55 
- 
+125 
°C 


Temperature 
Under Bias 
Tbias 
-20 
- 
+85 
°C 


Item 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Supply Voltage 
Vee 
4.5 
5.0 
5.5 
V 


VIH 
2.4 
- 
Vee 
+ 0.3 
V 
Input Voltage 


V1L 
-0.3 
- 
0.45 
V 


Item 
Symbol 
Test Condition 
Min. 
Max. 
Unit 
I Active 
Ice 
Vee 
= 5.5V, IDoUT = OmA, tRe = Min. 
- 
70 
mA 
Supply Current 
I Standby 
I5B 
Vee = 5.5V, CE ~ Vee - 0.2V 
30 
p.A 
- 


Input Leakage Current 
IIILI 
V1N = 0 - 
Vee 
- 
10 
p.A 


Output Leakage Current 
IloLl 
CE = 2.4V, VoUT = 0 - 
Vee 
- 
10 
p.A 


VOH 
IOH = -205p.A 
2.4 
- 
V 
Output Voltage 


VOL 
IOL = 1.6mA 
0.4 
V 
- 


Item 
Symbol 
Min. 
Max. 
Unit 


Input Capacitance 
C1N 
- 
IS 
pF 


Output Capacitance 
COUT 
- 
15 
pF 
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Item 
Symbol 
Min. 
Max. 
Unit 


Read Cycle Time 
tRC 
100 
- 
ns 


Address Access Time 
tAA 
- 
100 
ns 


CE Access Time 
tACE 
- 
100 
ns 


OE Access Time 
toE 
- 
50 
ns 


BHE Access Time 
tBHE 
- 
100 
ns 


Output Hold Time From Address Change 
tOHA 
0 
- 
ns 


Output Hold Time From CE 
tOHC 
0 
- 
ns 


Output Hold Time From OE 
tDHO 
0 
- 
ns 


Output Hold Time From BHE 
tOHB 
0 
- 
ns 


CE to Output in High Z 
tCHZ* 
- 
40 
ns 


OE to Output in High Z 
toHZ* 
- 
40 
ns 


BHE to Output in High Z 
tBHZ* 
- 
40 
ns 


CE to Output in Low Z 
teLZ 
5 
- 
ns 


OE to Output in Low Z 
toLZ 
5 
- 
ns 


BHE to Output in Low Z 
tBLZ 
5 
- 
ns 


NOTE: 
• tCHZ.10HZand tBHZare defined as the time at which the output achieves the open circuit conditions and are not referred 


to output voltage levels. 


• Test Conditions 


• Input Pulse Level: 0.45 
- 
2.4V 
• Input and Output Timing Reference 
Level: J.5V 


• Input Rise and Fall Time: IOns 
• Output Load: I TTL gate + CL = loopF 
(including scope and jig capacitance) 
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• 
TIMING 
WAVEFORM 


• Word Mode (BHE 
= 'V1H') 
or Byte Mode (BHE = 'V1l) (1) 


I. tOHA, tOHC. tOHO; determined 
by faster. 


2. tAA. tACE. toE; determined 
by slower. 


3. tCLZ. tOLZ; determined 
by slower. 


I. CE and OE are enable AI1 - 
Ao are valid. 


2. Dis/A-I 
pin is in the output state when BHE is high, CE and OE are enable. 
Therefore, 
the input signals of opposite 


phase to the output must not apply to them. 
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HN62414 SerieS-Preliminary 


262,144 x 16-Bit/524,288 
x 8-Bit CMOS MASK Programmable 
Read Only Memory 


• 
DESCRIPTION 


The HN62414 is a 4-Mbit CMOS mask-programmable 
ROM orga- 
nized either as 262,414 words by 16 bits or as 524,288 
words by 8 
bits. Realizing 
low power consumption, 
this memory 
is allowed for 
battery 
operation. 
In addition, 
the HN62414, 
which 
provides 
large 


capacity 
of 4M bits, is ideally suited for kanji character 
generators . 


• 
FEATURES 


• Single 
+ 5V Power Supply 


• Three-State 
Data Output for OR-Tieing 


• TTL Compatible 
• Maximum 
Access Time 
170/200ns (max.) 
• Low Power Consumption 
100mW (typ.) Active 
5p.W (typ.) Standby 


• Byte-wide 
or Word-wide 
Data Organization 
with BHE 


Type No. 
Access Time 
Package 


HN62414P-17120 
170/200ns 
600 mil 40 pin 
Plastic DIP 


HN62414FP-17/20 
170/200ns 
44 pin Plastic QFP 


HN62414F-17/20 
170/200ns 
48 pin Plastic SOP 


A17 


CE 
SHE 


(A-1)* 


OE 


015 


1(07) 


BHE = VIH; 
16-bit (D15 
- 
Do) 
BHE = V1L; 8-bit (D7 
- 
Do) 


• A-I is least significant 
address. 
When BHE is "low", 
D'4 - 
D8 goes the high impedance 
state. 
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HN62414 Series 


• 
PIN ARRANGEMENT 


HN62414P 
HN62414F 


NC 
NC 


A17 
As 


A17 
As 
A7 
A9 
A7 
A9 
A6 
AlO 
A6 
AlO 
As 
A11 
As 
A11 
A4 
A12 
A4 
A12 
A3 
A13 
A3 
A13 
A2 
A14 
A2 
A14 
A1 
A1S 
A1 
A1S 
Ao 
A16 
Ao 
A16 
NC 
NC 
CE 
SHE 
NC 
NC 
Vss 
Vss 
NC 
NC 
DE 
01s/A-1 
CE 
SHE 
00 
07 
Vss 
Vss 
08 
014 
DE 
01s/A-1 


01 
06 
00 
07 
09 
013 
08 
014 
02 
Os 
01 
06 
010 
012 
09 
013 
03 
04 
02 
Os 
011 
Vcc 
010 
012 


03 
04 


011 
Vcc 


(Top View) 
(Top View) 


NOTE: 
11-13 pins and 36-38 
pins are connected 


to inner lead fmme. 


33 
A13 


32 
A14 


31 
A15 


30 
A16 


29 
SHE 


28 
NC 


27 
Vss 


26 
015/A-l 


25 
07 


24 
014 


23 
06 
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Item 
Symbol 
Value 
Unit 
Note 


Supply Voltage 
Vee 
-0.3 
- 
+7.0 
V 
1 


All Input and Output Voltage 
VT 
-0.3 
- 
Vee 
+0.3 
V 
1 


Operating 
Temperature 
Range 
Toor 
o - 
+70 
°C 


Storage Temperature 
Range 
Tsto 
-55 
- 
+125 
°C 


Temperature 
Under Bias 
Tbias 
-20 
- 
+85 
°C 


Item 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Supply Voltage 
Vee 
4.5 
5.0 
5.5 
V 


VIH 
2.2 
- 
Vee 
+ 0.3 
V 
Input Voltage 


V1L 
-0.3 
0.8 
V 
- 


Item 
Symbol 
Test Condition 
Min. 
Max. 
Unit 


Supply Current 
I Active 
Ice 
Vee = 5.5V, IDOUT = OmA, tRe = Min. 
- 
50 
mA 


I Standby 
ISB 
Vee = 5.5V, CE 
2:: Vee - 0.2V 
- 
30 
p.A 


Input Leakage Current 
IIILI 
V1N = 0 - 
Vee 
- 
10 
p.A 


Output Leakage Current 
IloLl 
CE = 2.2V, VOUT = 0 - 
Vee 
- 
10 
p.A 


Output Voltage 
VOH 
IOH = -205p.A 
2.4 
- 
V 


VOL 
IOL = 1.6mA 
- 
0.4 
V 


Item 
Symbol 
Min. 
Max. 
Unit 


Input Capacitance 
C1N 
- 
15 
pF 


Output Capacitance 
COUT 
- 
15 
pF 
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HN62414-17 
HN62414-20 
Item 
Symbol 
Unit 
Min. 
Max. 
Min. 
Max. 


Read Cycle Time 
tRC 
170 
- 
200 
- 
ns 


Address Access Time 
tAA 
- 
170 
- 
200 
ns 


CE Access Time 
tACE 
- 
170 
- 
200 
ns 


OE Access Time 
toE 
- 
70 
- 
100 
ns 


BHE Access Time 
tBHE 
- 
170 
- 
200 
ns 


Output Hold Time From Address Change 
tDHA 
0 
- 
0 
- 
ns 


Output Hold Time From CE 
tDHC 
0 
- 
0 
- 
ns 


Output Hold Time From OE 
tDHO 
0 
- 
0 
- 
ns 


Output Hold Time From BHE 
tDHB 
0 
- 
0 
- 
ns 


CE to Output in High Z 
tCHZ* 
- 
70 
- 
70 
ns 


OE to Output in High Z 
toHZ* 
- 
70 
- 
70 
ns 


BHE to Output in High Z 
tBHZ* 
- 
70 
- 
70 
ns 


CE to Output in Low Z 
lcLZ 
10 
- 
10 
- 
ns 


OE to Output in Low Z 
toLZ 
10 
- 
10 
- 
ns 


BHE to Output in Low Z 
tBLZ 
10 
- 
10 
- 
ns 


NOTE: 
* tCHZ, 10HZand t8HZ are defined 
as the time at which the output achieves 
the open circuit 
conditions 
and are not referred 


to output voltage levels. 


• Test Conditions 


• Input Pulse Level: 0.8 
- 
2.4V 
• Input and Output Timing Reference 
Level: 1.5V 


• Input Rise and Fall Time: IOns 
• Output Load: I TTL gate + CL = lOOpF 
(including 
scope and jig capacitance) 
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• 
TIMING 
WAVEFORM 


• Word Mode (BHE = 'V1H') 
or Byte Mode (BHE = 'VII:> (1) 


tOE 


tOlZ 


1. tOHA, tOHC, tOHO; determined 
by faster. 


2. tAA, tACE, toE; determined 
by slower 


3. tCLZ, tOLZ; determined 
by slower. 


Valid 
Dat_a__ 


I. CE and OE are enable A 17 - 
Ao are valid. 


2. 015/ A-I pin is in the output state when BHE is high, CE and OE are enable. 
Therefore, 
the input signals of opposite 


phase to the output must not apply to them. 
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HN62314B 
SerieS-Preliminary 


524,288 
x 8-Bit CMOS MASK Programmable 
Read Only Memory 


• 
DESCRIPTION 


The 
HN62314B 
is a 4-Mbit 
CMOS 
mask-programmable 
ROM 


organized 
as 524,288-words 
x 
8-bits. 
Realizing 
low power 
con- 


sumption, 
this memory 
is allowed for battery operation. 
In addition, 


the HN62314B, 
which 
provides 
large capacity 
of 4M bits, is ideally 


suited for kanji character 
generators. 


• 
FEATURES 


• Single 
+ 5V Power Supply 
• Three-State 
Data Output 
for OR-Tieing 


• TTL Compatible 
• Maximum 
Access Time 
200ns (max.) 


• Low Power Consumption 
100mW (typ.) Active 
5p.W (typ.) Standby 


• Byte-wide 
Data Organization 
• Pin Compatible 
with JEDEC 


Type No. 
Access Time 
Package 


HN62314BP-17/20 
170/200ns 
600 mil 32 pin 
Plastic DIP 


HN62314BF-17/20 
170/200ns 
32 pin Plastic SOP 


A18 


CE 


• 
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Item 
Symbol 
Value 
Unit 
Note 


Supply Voltage 
Vcc 
-0.3 
- 
+7.0 
V 
I 


All Input and Output Voltage 
VT 
-3.0 
- 
Vcc 
+0.3 
V 
1 


Operating 
Temperature 
Range 
Topr 
0- 
+70 
DC 


Storage Temperature 
Range 
TSlg 
-55 
- 
+125 
DC 


Temperature 
Under Bias 
Tbias 
-20 
- 
+85 
DC 


Item 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Supply Voltage 
Vcc 
4.5 
5.0 
5.5 
V 


VlH 
2.2 
- 
Vcc 
+ 0.3 
V 
Input Voltage 
V1L 
-0.3 
- 
0.8 
V 


Item 
Symbol 
Test Condition 
Min. 
Max. 
Unit 
I Active 
Icc 
Vcc 
= 5.5V, IDOUT = OmA, tRC = Min. 
- 
50 
mA 
Supply Current 
I Standby 
ISB 
Vcc = 5.5V, CE ~ Vcc - 0.2V 
- 
30 
pA 


Input Leakage Current 
IIILI 
VIN = 0 - 
Vcc 
- 
10 
p.A 


Output Leakage Current 
IIoLI 
CE = 2.2V, VOUT = 0 - 
Vcc 
- 
10 
p.A 


VOH 
IOH = -205p.A 
2.4 
- 
V 
Output Voltage 
VOL 
IOL = 1.6mA 
- 
0.4 
V 


Item 
Symbol 
Min. 
Max. 
Unit 


Input Capacitance 
C1N 
- 
15 
pF 


Output Capacitance 
COUT 
- 
15 
pF 


HN62314B-17 
HN62314B-20 
Unit 
Item 
Symbol 


Min. 
Max. 
Min. 
Max. 


Read Cycle Time 
tRC 
170 
- 
200 
- 
ns 


Address Access Time 
tAA 
- 
170 
- 
200 
ns 


CE Access Time 
tACE 
- 
170 
- 
200 
ns 


OE Access Time 
IoE 
- 
70 
- 
100 
ns 


Output Hold Time From Address Change 
tOHA 
0 
- 
0 
- 
ns 


Output Hold Time From CE 
tOHC 
0 
- 
0 
- 
ns 


Output Hold Time From OE 
tOHO 
0 
- 
0 
- 
ns 


CE to Output in High Z 
lcHz' 
- 
70 
- 
70 
ns 


OE to Output in High Z 
10HZ' 
- 
70 
- 
70 
ns 


CE to Output in Low Z 
lcLz 
10 
- 
10 
- 
ns 
OE to Output in Low Z 
tOLZ 
10 
- 
10 
- 
ns 


NOTE: 
• tCHZ and tOHZare defined 
as the time at which the output achieves the open circuit 
conditions 
and are not referred 
to 
output voltage levels. 
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• Test Conditions 


• Input Pulse Level: 0.8 
- 
2AV 


• Input and Output Timing Reference 
Level: 1.5V 


I. tOHA. tOHC. tOHO: determined 
by faster. 


2. tAA. tACE, tOE: determined 
bY slower. 


3. tCLZ. tOLZ: determined 
bY slower. 


• Input Rise and Fall Time: IOns 
• Output Load: I TTL gate + CL = lOOpF 


(including 
scope and jig capacitance) 
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HN623448 Series- Preliminary 


524,288 
x 8-Bit CMOS MASK Programmable 
Read Only Memory 


• 
DESCRIPTION 


The 
HN62344B 
is a 4-Mbit 
CMOS 
mask-programmable 
ROM 
organized 
as 524,288-words 
x 
8-bits. 
Realizing 
low power 
con- 


sumption, 
this memory 
is allowed for battery operation. 
In addition, 
the HN62344B, 
which provides 
large capacity 
of 4M bits, is ideally 
suited for kanji character 
generators. 


• 
FEATURES 


• Single 
+ 5V Power Supply 
• Three-State 
Data Output for OR-Tieing 
• TIL 
Compatible 
• Maximum 
Access Time 
100ns (max.) 
• Low Power Consumption 
150mW (typ.) Active 
5p.W (typ.) Standby 
• Byte-wide 
Data Organization 
• Pin Compatible 
with JEDEC 


Type No. 
Access Time 
Package 


HN62344BP 
lOOns 
600 mil 32 pin 
Plastic DIP 


HN62344BF 
lOOns 
32 pin Plastic SOP 
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Item 
Symbol 
Value 
Unit 
Note 


Supply Voltage 
Vcc 
-0.3 
- 
+7.0 
V 
I 


All Input and Output Voltage 
VT 
-3.0 
- 
Vcc 
+0.3 
V 
I 


Operating 
Temperature 
Range 
Toor 
0-+70 
°C 


Storage Temperature 
Range 
TSt2 
-55 
- 
+125 
°C 


Temperature 
Under Bias 
Tbias 
-20 
- 
+85 
°C 


Item 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Supply Voltage 
Vcc 
4.5 
5.0 
5.5 
V 


VIH 
2.4 
- 
Vcc 
+ 0.3 
V 
Input Voltage 


V1L 
-0.3 
0.45 
V 
- 


Item 
Symbol 
Test Condition 
Min. 
Max. 
Unit 


I Active 
Icc 
Vcc = 5.5V, IDOUT = OmA, tRC = Min. 
- 
70 
mA 
Supply Current 
I Standby 
ISB 
Vcc = 5.5V, CE ~ Vcc - 0.2V 
- 
30 
p.A 


Input Leakage Current 
IIILI 
V1N = 0 - 
Vcc 
- 
10 
p.A 


Output Leakage Current 
IloLI 
CE = 2.4V, VOUT = 0 - 
Vcc 
- 
10 
p.A 


VOH 
IOH = -205p.A 
2.4 
- 
V 
Output Voltage 


VOL 
IOL = 1.6mA 
- 
0.4 
V 


Item 
Symbol 
Min. 
Max. 
Unit 


Input Capacitance 
C1N 
- 
15 
pF 


Output Capacitance 
COUT 
- 
15 
pF 


Item 
Symbol 
Min. 
Max. 
Unit 


Read Cycle Time 
tRC 
100 
- 
ns 


Address Access Time 
tAA 
- 
110 
ns 


CE Access Time 
tACE 
- 
100 
ns 


OE Access Time 
IoE 
- 
50 
ns 


Output Hold Time From Address Change 
tOHA 
0 
- 
ns 


Output Hold Time From CE 
tOHC 
0 
- 
ns 


Output Hold Time From OE 
tOHO 
0 
- 
ns 


CE to Output in High Z 
lcHZ' 
- 
40 
ns 


OE to Output in High Z 
10HZ' 
- 
40 
ns 


CE to Output in Low Z 
lcLZ 
5 
- 
ns 


OE to Output in Low Z 
IoLZ 
5 
- 
ns 


NOTE: 
• tCHZ and 10HZare defined 
as the time at which the output achieves the open circuit conditions 
and are not referred 
to 
output voltage levels. 
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• Test Conditions 


• Input Pulse Level: 0.45 
- 
2.4V 
• Input and Output Timing Reference Level: 1.5V 


• Input Rise and Fall Time: IOns 
• Output Load: I TTL gate + CL = IOOpF 
(including 
scope and jig capacitance) 


Address 


tAA 
tOHA 


CE 


tACE 
tCHZ 


tCLZ 


DE 


I. tOHA. tOHC. tOHO; determined 
by faster. 


2. tAA. tACE. toE; determined 
by slower. 


3. tcLZ. tOLZ; determined 
by slower. 
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HN62408 Series 
-Preliminary 
--------- 


HN62408 
Series 
is a 8-Mbit 
CMOS 
mask-program able ROM 


organized 
either as 524288-word 
x 16-Bit or as 1048576-Wod 
x 8- 
Bit. 
It can 
be operated 
with 
a battery 
because 
of low 
power 


consumption. 
The large capacity 
of 8M bits is optimum for a kanji 


character 
generator. 


Features 
Single 5 V 


Wired OR is permitted for the output in three states 
TIL compatible 
Address 
access time: 
200 ns (max) 


Low power: 
Active 
100 mW (typ) 
Standby 
51!W (typ) 
Byte-Wide 
or Word-Wide 
Data Organization 
(switched 
by BHE 


terminal) 


Ordering Information 
Type No. 
Address Access Time 


HN62408P 
200 ns 
HN62408FP 
200 ns 


Package 
600 mil 42-pin plastic DIP 
44-pin plastic QFP 


Note: 
The specifications 
of this device are subject to change 
without notice. 
Please contact your nearest 
Hitachi's 
Sale Dept. regarding 
specifications. 


Pin Arrangement 


HN62408P 


•••. 
MN 
•... 
OCTIOOr-l.DU1. 
A3 
1 .••..••..••..••..••. 
M M M M M M33 
A2 
2 
32 
A1 
3 
31 
AD 
4 
30 
CE 
5 
29 
NC 
6 
28 
V.. 
7 
27 
DE 
8 
26 
DO 
9 
25 
D8 
10 
24 
D1 
11 
23 
NM 
.••.Ll'JU)r-OOCTIO 
•...N 
____ 
•... 
.._....•... 
NNN 


A13 
A14 
A15 


A16 
BHE 


NC 
v•• 
DI5/A-l 


D7 
D14 


D6 
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- EJex/ 
- 
3-State 
- 
0 
7 
° 
Output 
Byte 
Buffer 
- 
- 
-015/(07) 
L- __ 
.J 
L__ 
---J 


CE~ 
HroJ 


~~~=-=~--=~--=-~-- 


BHE = 
VIH: 16 bits (D15-oo) 


BHE = Vo..: 
8 bits (07-00) 


°1: 
A-I is least significant 
address 
input, and 014-08 
are of high impedance. 


Absolute Maximum 
Ratings 


Item 
Power supply voltage' 
Terminal 
voltage·' 


Operating 
temperature 


Storage temperature 


Bias temperature 


Note: 
.1. 
With respect to Vss. 


Symbol 
Vee 
VT 


Topr 
Tstg 
Tbias 


Rating 


-0.3 to +7.0 


-0.3 to Vee + 0.3 


Oto +70 
-55 to +125 


-20 to +85 


Rrecommended 
Operating Conditions 
(Vss = 0 V, Ta = 0 to +70°C) 
Item 
Symbol 
Min 
Typ 


Power supply voltage 
Vcc 
4.5 
5.0 


VIH 
2.2 
Vo.. 
-0.3 


Max 
5.5 


Vee+O.3 


0.8 


Unit 
V 


V 
'C 
'C 
'C 


Unit 


V 
V 


V 


DC Characteristics 
(Vcc 
= 5 V ± 10%, Vss = 0 V, Ta = 0 to +70°C) 


Item 
Symbol 
Min 
Max 
Unit 


Active 
Ice 
50 
mA 


Power supply current 
Standby 
ISB 
30 
llA 


111.11 
10 
llA 


IlLol 
10 
llA 


VOH 
2.4 
V 
VOL 
0.4 
V 


Input leak current 


Output leak current 


Test Conditions 
Vee = 5.5 V, IOOlIT= 0 mA, tRe = Min 
Vee = 5.5 V, CE ~ Vee- 
0.2V 


VIN=OtoVee 


CE = 2.2 V, VOtIT= 0 to Vee 
IOH= -205 
llA 
IOL= 1.6 mA 
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capacitance 
(Vcc = 5 V ± 10%, vss = 0 V, Ta = 25°C, Vin = 0 V, f = 1 MHz) 
Item 
Symbol 
Min 
Max 


Input capacitance'l 
Cin 
15 
Output capacitance'} 
Coul 
15 


Note: 
'}. 
This parameter 
is sampled 
and not 100% tested. 


Unil 


pF 
pF 


AC Operating Characteristics 
(Vcc = 5 V ± 10%, Vss = 0 V, Ta = 0 to +70°C) 
Test COnditions 
Input pulse level: 
110 timing reference 
level: 
Input riselfall time: 
Item 
Cycle time 


Address access time 
CE access time 


OE access time 


BHE access time 
Output Hold Time from Address Change 
lDHA 


Output Hold Time from CE 
Output Hold Time from OE 


Output Hold Time from BHE 
CE to Output in High Z 
UP: to Output in High Z 
BHE to Output in High Z 
CE to Output in Low Z 
OE to Output in Low Z 
BHE 10 Output in Low Z 


0.8 to 2.4 V 
1.5 V 
10 ns 


1 TIL gate + CL = 100 pF 
(including 
jig capacitance) 


Symbol 


IRe 


lDHB 
tCHZ'! 


10HZ' 
I 
lBHZ'! 


Unit 


ns 


ns 
ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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Timing Waveform 
Word Mode (BHE = "VIH") or Byte Mode (BHE = "VIL") 
=*_,.. 
_,0< -l~,.-",- 


Notes: 
I. 
IOHA, lDHC. IOHO; 
2. 
lAA, tACE, tOE; 


3. 
tCLZ, tou; 


Determined 
by whichever 
is faster. 


Determined 
by whichever 
is slower. 


Determined 
by whichever 
is slower. 
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Notes: 
1. 
CE, OE are of selected 
status. AI8-Ao 
are fixed. 
2. 
DI5/A-1 
terminal 
is of output state when BHE = Vrn, CE and OE are of selected 
state. 
At this time, an input signal that is of the inverse phase to the output should not be impressed. 
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HN623088 Series 


1048576 
x 8-Bit CMOS MASK Programmable 
Read Only Memory 


• 
DESCRIPTION 


The 
HN62308B 
is a 8-Mbit 
CMOS 
mask-programmable 
ROM 


organized 
as 1048576-words 
x 
8-bits. 
Realizing 
low power 
con- 


sumption, 
this memory 
is allowed for battery operation. 
In addition, 


the HN62308B, 
which provides 
large capacity 
of 8M bits, is ideally 


suited for kanji character 
generators . 


• 
FEATURES 


• Single 
+ 5V Power Supply 
• Three-State 
Data Output 
for OR-Tieing 


• TIL 
Compatible 


• Maximum 
Access Time 
200ns (max.) 


• Low Power Consumption 
100mW (typ.) Active 
5p.W (typ.) Standby 


• Byte-wide 
Data Organization 


• Pin Compatible 
with JEDEC 


Type No. 
Access Time 
Package 


HN62308BP 
200ns 
600 mil 32 pin 
Plastic DIP 


HN62308BF 
200ns 
32 pin Plastic SOP 
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Item 
Symbol 
Value 
Unit 
Note 


Supply Voltage 
Vee 
-0.3 
- 
+7.0 
V 
I 


All Input and Output Voltage 
VT 
-3.0 
- 
Vee 
+0.3 
V 
I 


Operating 
Temperature 
Range 
ToD, 
0- 
+70 
°C 


Storage Temperature 
Range 
Tst• 
-55 
- 
+ 125 
°C 


Temperature 
Under Bias 
Tbias 
-20 
- 
+85 
°C 


Item 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Supply Voltage 
Vee 
4.5 
5.0 
5.5 
V 


V1H 
2.2 
- 
Vee 
+ 0.3 
V 
Input Voltage 


V1L 
-0.3 
0.8 
V 
- 


Item 
Symbol 
Test Condition 
Min. 
Max. 
Unit 


I Active 
Ice 
Vee = 5.5V, IDOUT = OmA, tRe = Min. 
- 
50 
mA 
Supply Current 
I Standby 
ISB 
Vee = 5.5V, CE ~ Vee - 0.2V 
30 
p.A 
- 


Input Leakage Current 
IIILI 
V1N = 0 - 
Vee 
- 
10 
p.A 


Output Leakage Current 
IloLI 
CE = 2.2V, VOUT = 0 - 
Vee 
- 
10 
p.A 


VOH 
IOH = -205p.A 
2.4 
- 
V 
Output Voltage 


VOL 
IOL = J.6mA 
0.4 
V 
- 
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Item 
Symbol 
Min. 
Max. 
Unit 


Input Capacitance 
CIN 
- 
15 
pF 


Output Capacitance 
COUT 
- 
15 
pF 


Item 
Symbol 
Min. 
Max. 
Unit 


Read Cycle Time 
tRC 
200 
- 
ns 


Address Access Time 
tAA 
- 
200 
ns 


CE Access Time 
tACE 
- 
200 
ns 


OE Access Time 
tOE 
- 
100 
ns 


Output Hold Time From Address Change 
tDHA 
0 
- 
ns 


Output Hold Time From CE 
tDHC 
0 
- 
ns 


Output Hold Time From OE 
tDHO 
0 
- 
ns 


CE to Output in High Z 
tCHZ* 
- 
70 
ns 


OE to Output in High Z 
taHZ* 
- 
70 
ns 


CE to Output in Low Z 
tCLZ 
10 
- 
ns 


OE to Output in Low Z 
taLZ 
10 
- 
ns 


NOTE: 
* tCHZ and tOHZare defined 
as the time at which the output achieves 
the open circuit conditions 
and are not referred 
to 
output 
voltage levels. 
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• Test Conditions 


• Input Pulse Level: 0.8 
- 
2.4V 
• Input and Output Timing Reference 
Level: 1.5V 
• Input Rise and Fall Time: IOns 
• Output Load: I TTL gate + CL = lOOpF 
(including 
scope and jig capacitance) 


tOE 


tOLZ 


1. tOHA. tOHC. tOHO; determined 
by faster. 


2. tAA. tACE. toE: determined 
by slower. 


3. tCLZ. tOLZ: determined 
by slower. 
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524,288 
x 16-Bit/1,048,576 
x 8·Bit CMOS MASK Programmable 


Read Only Memory 


• 
DESCRIPTION 


The HN66403P 
is an 8-Mbit 
CMOS 
mask-programmable 
ROM 


module consisted 
of 2 pieces of HN62404 
products 
and HD74HCOO 


equivalent 
product. 
Realizing 
low power consumption, 
this memory 


is allowed 
for battery 
operation. 
In addition, 
the HN66403P, 
which 


provides large capacity of 8M bits, is ideally suited for kanji character 
generators. 


• 
FEATURES 


• Single 
+ 5V Power Supply 
• Three-State 
Data Output for OR-Tieing 


• TTL Compatible 
• Maximum 
Access Time 
250ns (max.) 


• Low Power Consumption 
100mW (typ.) Active 
5p.W (typ.) Standby 


• Byte-wide 
or Word-wide 
Data Organization 
with BHE 


• Pin Compatible 
with HN62408P 


Package 


600 mil 42 pin 
Plastic DIP 


A18 


CE 


OE 


BHE 


BHE = V1H; 
16-bit (015 
- 
Do) 
BHE = V1L; 8-bit (07 
- 
Do) 
• A-I is least significant 
address. 
When BHE is "low", 
014 
- 
08 
goes the high 


impedance 
state. 


(DP-42) 


• 
PIN ARRANGEMENT 


HN66403P 


A1S 
NC 


A17 
As 


A7 
A9 


AS 
A10 


As 
A11 


A4 
A12 


A3 
A13 


A2 
A14 


A1 
A1S 


Ao 
A1S 


CE 
SHE 


VSS 
VSS 


OE 
01sJA-1 


Do 
07 


Os 
014 


01 
Os 


09 
013 


02 
Os 


010 
012 


03 
04 


011 
VCC 


(Top View) 
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Item 
Symbol 
Value 
Unit 
Note 


Supply Voltage 
Vcc 
-0.3 
- 
+7.0 
V 
I 


All Input and Output Voltage 
VT 
-0.3 
- 
Vcc 
+0.3 
V 
I 


Operating 
Temperature 
Range 
TOnT 
0-+70 
DC 


Storage Temperature 
Range 
Tst• 
-55 
- 
+125 
DC 


Temperature 
Under Bias 
Tbias 
-20 
- 
+85 
DC 


Item 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Supply Voltage 
Vcc 
4.5 
5.0 
5.5 
V 


VIH(l) 
2.2 
- 
Vcc 
+ 0.3 
V 


Input Voltage 
VIH(2) 
Vcc x 0.7 
- 
Vcc 
+ 0.3 
V 


V1L 
-0.3 
- 
0.8 
V 


NOTE: 
I. Others except A'8, CE 


2. A'8, CE 


Item 
Symbol 
Test Condition 
Min. 
Max. 
Unit 
I Active 
Icc 
Vcc = 5.5V, IDouT = OmA, tRC = Min. 
- 
50 
mA 
Supply Current 
I Standby 
ISB 
Vcc = 5.5V, CE ~ Vcc - 0.2V 
- 
30 
/LA 


Input Leakage Current 
Illd 
V1N = 0 - 
Vcc 
- 
10 
/LA 


Output Leakage Current 
Ilod 
CE = Vcc x 0.7, VOUT = 0 - 
Vcc 
- 
10 
/LA 


VOH 
IOH = -205/LA 
2.4 
- 
V 
Output Voltage 


VOL 
IOL = 1.6mA 
- 
0.4 
V 


Item 
Symbol 
Min. 
Max. 
Unit 


Input Capacitance 
C1N 
- 
15 
pF 


Output Capacitance 
COUT 
- 
15 
pF 


Item 
Symbol 
Min. 
Max. 
Unit 


Read Cycle Time 
tRC 
250 
- 
ns 
Address Access Time 
tAA 
- 
250 
ns 
CE Access Time 
tACE 
- 
250 
ns 
OE Access Time 
IoE 
- 
100 
ns 


BHE Access Time 
tBHE 
- 
250 
ns 
Output Hold Time From Address Change 
tOHA 
0 
- 
ns 
Output Hold Time From CE 
tOHC 
0 
- 
ns 
Output Hold Time From OE 
tOHO 
0 
- 
ns 
Output Hold Time From BHE 
tOHB 
0 
- 
ns 
CE to Output in High Z 
lcHZ· 
- 
120 
ns 
OE to Output in High Z 
10HZ· 
- 
70 
ns 
BHE to Output in High Z 
tBHZ· 
- 
70 
ns 
CE to Output in Low Z 
lcLZ 
10 
- 
ns 
OE to Output in Low Z 
tOLZ 
10 
- 
ns 
BHE to Output in Low Z 
tBLZ 
10 
- 
ns 


NOTE: 
• tCHZ, tOHZand t8HZ are defined 
as the time at which the output achieves the open circuit conditions 
and are not referred 
to output voltage levels. 
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• Test Conditions 


• Input Pulse Level: 0.8 
- 
2.4V 
Other except pin A1S, 
CE 
• Input and Output Timing Reference Level: 1.5V 


• Input Rise and Fall Time: IOns 
• Output Load: I TTL gate + CL = lOOpF 


(including scope and jig capacitance) 


• 
TIMING 
WAVEFORM 


• Word Mode (BHE = 'V1H') or Byte Mode (BHE = 'VIIJ 
(1) 


tOE 


tOLZ 


I. tOHA, tOHC. tOHO; determined 
by faster. 


2. tAA. tACE. tOE; determined 
by slower. 


3. tCLZ. tOLZ; determined 
by slower. 
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HighZ 
A-1 


SHE 


Valid 
07-00 
Data 


Valid 
015-08 
Data 


I. CE and OE are enable AJ8 - 
Ao are valid. 


2. DJs/A-I 
pin is in the output state when BHE is high, CE and OE are enable. 
Therefore, 
the input signals 
of opposite 


phase to the output must not apply to them . 
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1,048,576 
x 16-Bit/2,097,152 
x 8-Bit CMOS MASK Programmable 
Read Only Memory 


• 
DESCRIPTION 


The 
HN624016 
is a 16-Mbit 
CMOS 
mask-programmable 
ROM 
organized 
either as 1048576 words by 16 bits or as 2097152 words by 
8 bits. Realizing 
low power consumption, 
this memory 
is allowed for 


battery operation. 
In addition, 
the HN624016, 
which 
provides 
large 


capacity 
of 16M bits, is ideally suited for kanji character 
generators . 


• 
FEATURES 


• Single 
+ 5V Power Supply 
• Three-State 
Data Output 
for OR-Tieing 
• TTL Compatible 
• Maximum 
Access Time 
200ns (max.) 
• Low Power Consumption 
100mW (typ.) Active 
5p.W (typ.) Standby 
• Byte-wide 
or Word-wide 
Data Organization 
with BHE 


Type No. 
Access Time 
Package 


HN6240l6P 
200ns 
600 mil 42 pin 
Plastic DIP 


HN624016F 
200ns 
48 pin Plastic SOP 


A19 


CE 


SHE 


(A-1)' 


DE 


015 


/(07) 


BHE = Y1H; 
16-bit (D15 
- 
Do) 
BHE = Y1L; 8-bit (D7 
- 
Do) 


* A-I is least significant 
address. 
When BHE is "low", 
DI4 
- 
D8 goes the high impedance 
state. 
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HN624016 
Series 


• 
PIN ARRANGEMENT 


HN6240l6P 
HN624016F 


Ala 
A19 
A1B 
A19 


A17 
Aa 
All 
As 


A7 
Ag 
A7 
A9 


A6 
A10 
As 
A10 


A1l 
As 
Al1 
As 
A4 
A12 


A4 
A12 
A3 
A13 


A3 
A13 
A2 
A.4 


A2 
A14 
A1 
A1S 


Al 
A1S 
Ao 
A1S 


Ao 
A16 
NC 
NC 


CE 
SHE 
NC 
NC 
NC 
NC 
Vss 
Vss 
CE 
BHE 
OE 
D1S/A-1 
vss 
Vss 


Do 
D7 
OE 
01s1A-1 


Da 
D14 
00 
07 


D1 
D6 
OB 
014 


Dg 
D13 
01 
Os 


D2 
Ds 
09 
013 


02 
Os 


DlO 
D12 
010 
012 


D3 
D4 
03 
04 


D1l 
VCC 
011 
Vcc 


(Top View) 
(Top View) 


NOTE: 
12-13 pin and 36-37 pin are connected to inner lead frame. 


• 
ABSOLUTE 
MAXIMUM 
RATINGS 


Item 
Symbol 
Value 
Unit 
Note 


Supply Voltage 
Vee 
-0.3 
- 
+7.0 
V 
1 


All Input and Output Voltage 
VT 
-0.3 
- 
Vee 
+0.3 
V 
1 


Operating 
Temperature 
Range 
Top, 
0- 
+70 
°C 


Storage Temperature 
Range 
TSt2 
-55 
- 
+125 
°C 


Temperature 
Under Bias 
Tbias 
-20 
- 
+85 
°C 


Item 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Supply Voltage 
Vee 
4.5 
5.0 
5.5 
V 
VIH 
2.2 
- 
Vee 
+ 0.3 
V 
Input Voltage 
V'L 
-0.3 
- 
0.8 
V 


Item 
Symbol 
Test Condition 
Min. 
Max. 
Unit 
I Active 
Ice 
Vee = 5.5V, IDOUT = OmA, tRe = Min. 
- 
50 
mA 
Supply Current 
I Standby 
IS8 
Vee = 5.5V, CE ~ Vee - 0.2V 
- 
30 
pA 
Input Leakage Current 
II,d 
V1N = 0 - 
Vee 
- 
10 
pA 
Output Leakage Current 
IIod 
CE = 2.2V, VOUT = 0 - vee 
- 
10 
pA 


Output Voltage 
VOH 
IOH = -205pA 
2.4 
- 
V 


VOL 
IOL = 1.6mA 
- 
0.4 
V 


@HITACHI 


1128 
Hitachi America, Ltd.• 
Hitachi Plaza· 2000 Sierra Point Pkwy.• 
Brisbane. CA 94005-1819 
• (415) 589-8300 


Item 
Symbol 
Min. 
Max. 
Unit 


Input Capacitance 
C1N 
- 
15 
pF 


Output Capacitance 
COUT 
- 
15 
pF 


Item 
Symbol 
Min. 
Max. 
Unit 


Read Cycle Time 
tRC 
200 
- 
ns 


Address Access Time 
tAA 
- 
200 
ns 


CE Access Time 
tACE 
- 
200 
ns 


OE Access Time 
toE 
- 
100 
ns 


BHE Access Time 
tBHE 
- 
200 
ns 


Output Hold Time From Address Change 
tOHA 
0 
- 
ns 


Output Hold Time From CE 
tOHC 
0 
- 
ns 


Output Hold Time From OE 
tOHO 
0 
- 
ns 


Output Hold Time From BHE 
tOHB 
0 
- 
ns 


CE to Output in High Z 
tCHZ* 
- 
70 
ns 


OE to Output in High Z 
toHZ* 
- 
70 
ns 


BHE to Output in High Z 
tBHZ* 
- 
70 
ns 


CE to Output in Low Z 
tCLZ 
10 
- 
ns 


OE to Output in Low Z 
tOLZ 
10 
- 
ns 


BHE to Output in Low Z 
tBLZ 
10 
- 
ns 


NOTE: 
* tCHZ. tOHZ and t8HZ are defined 
as the time at which the output achieves 
the open circuit 
conditions 
and are not referred 


to output 
voltage levels. 


• Test Conditions 


• Input Pulse Level: 0.8 
- 
2AV 
• Input and Output Timing Reference Level: 
1.5V 


• Input Rise and Fall Time: IOns 
• Output Load: I TTL gate + CL = lOOpF 
(including 
scope and jig capacitance) 
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• 
TIMING 
WAVEFORM 


• Word Mode (BHE = 'V1H') 
or Byte Mode (BHE 
= 'V1L) (1) 


IOE 


IOLZ 


I. tOHA, tOHC, tOHO; determined 
by faster. 


2. tAA, lACE, toE; determined 
by slower. 


3. tCLz, tOLZ; determined 
by slower. 


NOTES: 
I. CE and OE are enable A'9 - 
Ao are valid. 


2. D,s/A-l 
pin is in the output state when BHE is high, CE and OE are enable. 
Therefore, 
the input signals 
of opposite 


phase to the output 
must not apply to them. 
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Section 8 
MOSPROM 
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HN58064 Series 


• FEATURES 
• 
Single 5V Supply 
• 
Address, Data, CEoOE Latches 
• 
Byte Erase / Byte Write Time 
10 ms typo 


• 
Chip Erase Time 
' 
20 ms typo 


• 
Fast Access Time 
250/300ns 
max. 


• 
Low Power Dissipation 
300mW typo (Active) 


............ 
125mW typo (Standby) 
• 
Comforms to JEDEC Byte-Wide Standard 
• 
Reliable N-ehannel MNOS Technology 
• 
1ססoo EraselWrite Cycles 


Type No. 


HN58064P-25 
HN58064P-30 


Package 


600 mil 28 pin Plastic 
DIP 
250ns 
300ns 


v,,~ 
Hilh Volt.,f: 
1/00 
1/07 
Generator 
V •• 


1m" 


C'E 
Erase. 
Write. 
Powerdown 


W"£' 
Control 
LOlic 


A1Z 
¢ 
01 
y 
Calinl 
\ 
A8 
D 


Address 
Buffer 
and 
Latch 
Memory 
Array 


(Z56XZS6l 


~ 
CE (20) 
OE (22) 
WE (27) 
MODE 


1/0(11-13,15-19) 


Read 
VIL 
VIL 
VIH 
Dout 


Standby 
VIH 
X 
X 
High Z 


Byte Erase 
VIL 
VIH 
VIL 
Din = VIH 


Byte Write 
V/L 
VIH 
VIL 
Din 


Chip Erase 
VIL 
VIL 
VIL 
Din = VIH 


Deselect 
VIL 
VIH 
V1H 
HighZ 


A. 
1/0, 


/10. 
1/0. 


/10, 
1/0, 


1/0, 
1/0. 


V" 
1/03 


(Top View) 


AO- 
A12 
Address 
Input 


1/00 - 1/07 
Data 
in I Data out 


OE 
Output 
Enable 


CE 
Chip 
Enable 


WE 
Write 
Enable 


Vcc 
Power 
(+5V) 


Vss 
GND 


NC 
No Connect 
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Item 
Symbol 
Value 
Unit 


Supply Voltage·! 
Vcc 
-0.6 to +7.0 
V 


Input Voltage·! 
Vln 
-0.6 to +7.0 
V 


Operating 
Topr 
o to +70 
·C 
Temperature 
Range 


Storage 
T,tl 
-55to+125 
·C 
Temperature 
Range 


Item 
Symbol 
min 
typ 
max 
Unit 


Supply Voltage 
Vcc 
4.5 
5.0 
5.5 
V 


VIL 
-0.1 
- 
0.8 
V 


Input Voltage 


VIH 
2.0 
Vcc+ I 
V 
- 


Operating 
Topr 
0 
- 
70 
·C 
Temperature 


Parameter 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Input Leakage Current 
ILl 
VCC = 5.5V, Vin = 5.5V 
- 
- 
10 
/'A 


Outpu t Leakage Curren t 
!Lo 
VCC = 5.5V, Vout = 5.5/0AV 
- 
- 
10 
/'A 


VCC Current (Standby) 
ICCi 
CE = V/H 
- 
25 
40 
mA 


VCC Current (Active) 
ICC2 
CE= V/L 
- 
60 
100 
mA 


Input Low Voltage 
V/L 
-0.1 
- 
0.8 
V 


Input High Voltage 
V/H 
2.0 
- 
VCC+I 
V 


Output Low Voltage 
VOL 
10L = 2.1 mA 
- 
- 
0.4 
V 


Output High Voltage 
VOH 
10H= -400/,A 
2.4 
- 
- 
V 


Parameter 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Input Capacitance 
Cln 
Vln = OV 
- 
- 
6 
pF 


Output Capacitance 
Cout 
Vout = OV 
- 
- 
12 
pF 


Input Pulse Levels: 
Input Rise and Fall Time: 
Output 
Load: 


Reference Level for Measuring Timing: 


OAV to 2.4V 
~ 20ns 
1TTL Gate + 100pF 
O.SV and 2.0V 
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• 
AC CHARACTERISTICS 
(Ta = 0 to +70°C, Vcc = 5V ± 10%) 


• 
READ 
OPERATION 


HN58064·25 
HN58064-30 
Parameter 
Symbol 
Test Condition 
Unit 


min. 
max. 
min. 
max. 


Address to Output Delay 
tACC 
CE: 
OE: 
V/L. WE : V/H 
- 
250 
- 
300 
ns 


CE to Output Delay 
tCE 
OE: 
V/L. WE: 
V/H 
- 
250 
- 
300 
ns 


OE to Output Delay 
tOE 
CE: 
V/L. WE: 
V/H 
- 
100 
- 
150 
ns 


Address to Output Hold 
tOB 
CE: 
OE: 
V/L. WE: 
V/H 
0 
- 
0 
- 
ns 


OE High to Output Float 
tDF 
CE: 
V/L. WE: 
V/H 
0 
90 
0 
130 
ns 
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Parameter 
Symbol 
Test 
min 
typ 
max 
Unit 
Condition 


Address Setup Time 
rAS 
0 
- 
- 
ns 


Address Hold Time 
tAH 
100 
- 
- 
ns 


CE Setup Time 
tCES 
0 
- 
- 
ns 


CE Hold Time 
tCEH 
100 
- 
- 
ns 


OE Setup Time 
tOES 
0 
- 
- 
ns 


OEHold 
Time 
tOEH 
100 
- 
- 
ns 


WE Pulse Width 
tWEPl 
8 
10 
15 
ms 


WE High Time 
tWEH 
1000 
- 
- 
ns 


Data Setup Time 
tDS 
0 
- 
- 
ns 


Data Hold Time 
tDH 
100 
- 
- 
ns 


.\,Id~ 


IAS 
,,, 


IT 


flU 
I(£H 


lilts 
Iu(.H 


liE 


I.EN 


W~ 


1111:1'1 


Ius 
''''' 


',\'nlt' 2 


Uall 
Dalal" 
St.hJt 


Notes: 
1. CE or OE should be "I" 
and in Standby Mode or Deselect Mode before Write/Erase operation. 
2. 1/00 to 1/07 must be "I" 
in Byte Erase. 
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HN58064 
Series 
• Read Cycle after Byte Erase or Byte Write 


HN58064-25 
HN58064-30 
Parameter 
Symbol 
Unit 


min*l 
typ 
max 
min*! 
typ 
max 


Address setup time 
tAS 
0 
0 
ns 


Address hold time 
tAB 
100 
100 
ns 


CE setup time 
tCES 
0 
0 
ns 


CE hold time 
tCEB 
100 
100 
ns 


OE setup time 
tDES 
0 
0 
ns 


OE hold time 
tDEB 
100 
100 
ns 


WE:: pulse width 
tWEPI 
10 
12 
15 
10 
12 
15 
ms 
cr high time 
tCB 
10 
10 
/,s 


Data setup time 
tDS 
0 
0 
ns 


Data hold time 
tDB 
100 
100 
ns 


Address to output delay time 
tACC 
250 
300 
ns 


CE to output delay time 
tCE 
250 
300 
ns 


OE to output delay time 
tOE 
100 
150 
ns 


Note: 
1. Use this device in longer cycle than this value. 


Notes: 
1. CE or OE should be high and in standby mode or deselect mode before write/erase operation. 
2. 1/00 to 1/07 must be "I" 
in byte erase. 
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Parameter 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


CE Hold Time 
tCEH 
100 
- 
- 
ns 


OE Setup Time 
tOES 
0 
- 
- 
ns 


OE Hold Time 
tOEH 
100 
- 
- 
ns 


WE Setup Time 
tws 
0 
- 
- 
ns 


WE Pulse Width 
tWH 
15 
20 
25 
ms 


WE High Time 
tWEH 
1000 
- 
- 
ns 


Data Setup Time 
tDS 
0 
- 
- 
ns 


Data Hold Time 
tDH 
100 
- 
- 
ns 


Notes; 
1. 1/00 - 7 must be "1" in Chip Erase Operation. 
2. 
Don't Care about Address. 
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HN58C65 Series 


• 
FEATURES 


• 
Single 5V Supply 


• 
On Chip Latches; 
Address, 
Data, 
CE, OE, WE 


• 
Automatic 
Byte Write 
..... 
10ms max. 


• 
Automatic 
Page Write 
(32byte) 
10ms max. 


• 
Fast Access Time 
250ns 
max. 


• 
Low Power 
Dissipation 
20mW/MHz 
typo (Active) 


... 
2mW typo (Standby) 


• 
r'i"ATA Polling 
and 
Ready/Busy 


• 
Data Protection 
Circuity 
on Power 
On/Power 
Off 


• 
Conforms 
to JEDEC 
Byte-Wide 
Standard 


• 
Reliable 
CMOS with 
MNOS Cell Technology 


• 
105 EraseIWrite 
Cycles 
in page mode 
and 10 year Data 


Retention 


Type No. 
Access Time 
Package 


HN58C65P-25 
250ns 
600 mil 28 pin Plastic DIP 


HN58C65FP-25 
25008 
28 pin Plastic SOP 


Note) 
T is added to the end of the type no. for a SOP of 3.0mm 
(max.) thickness. 


Vcr 0""- 
Hi,h 
Voltage 
VOO 
V07 


Vss 0---. 
Generator 


m: 


CE 
WE 


AO 
) 


A4 
Address 


AS 
Buffer 
and 


) 


Latch 


Al2 


(DP-28) 


HN58C65 FP Series 


(FP-28D/DA) 


• 
PIN ARRANGEMENT 


ROY/Busy 


Al2 


A7 


A6 


A5 


A4 


A3 


A2 
Al 
AO 


VOO 


VOl 
V02 


Vss 


(Top View) 


• 
PIN 
DESCRIPTION 


AO - A12 
Address Input 


1/01 - 1/07 Data In/Data Out 


OF: 
Output Enable 
cr 
Chip Enable 


WE 
Write Enable 
RDY/Busy 
Ready/Busy 


VCC 
Power (+5V) 


VSS 
GND 


NC 
No Connect 
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Vcc 
WE 
NC 


A8 


A9 
All 
OE 
AlO 
CE 


V07 
V06 
V05 
V04 
V03 


~ 


CE 
OE 
WE 
ROY/Busy 
I/O 


MODE 
(20) 
(22) 
(27) 
(I) 
(II 
-13, 
IS - 19) 


Read 
V/L 
V/L 
VIH 
High Z 
Dout 


Standby 
VIH 
X 
X 
High Z 
High Z 


Write 
V/L 
VIH 
V/L 
High Z- 
VOL 
Din 


Deselect 
V/L 
VIH 
VIH 
High Z 
High Z 


Write Inhibit 
X 
X 
VIH 
High Z 
- 


Write Inhibit 
X 
V/L 
X 
High Z 
- 


Data Polling 
V/L 
V/L 
VIH 
VOL 
Data Out (1/07) 


Note: 
X: VIL or VIH 


• 
ABSOLUTE 
MAXIMUM 
RATINGS 


Item 
Symbol 
Value 
Unit 


Supply Voltage· 1 
Vcc 
-0.6 to +7.0 
V 


Input Voltage·1 
V-n 
-0.5.2 
to +7.0 
V 


Operating Temperature 
Range 
Tonr 
o to +70 
.,.c 


Storage Temperature 
Range 
T'tll 
-55 to +125 
C 


Notes: 
.1. 
With respect to Vss. 


·2. 
-3.0V for pulse width ~ SOns. 


• 
RECOMMENDED 
DC OPERATING 
CONDITIONS 


Item 
Symbol 
min. 
typo 
max. 
Unit 


Supply Voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input Voltage 
V/L 
-0.3 
- 
0.8 
V 


VIH 
2.2 
- 
Vcc+1 
V 


Operating Temperature 
Topr 
0 
- 
70 
·C 


Parameter 
Symbol 
Test Condition 
min. 
typo 
max. 
Unit 


Input Leakage Current 
hI 


VCC~ 
5.5V 
- 
- 
2 
/-IA 


Vin = 5.5V 


Output Leakage Current 
ho 


VCC=5.5V 
- 
- 
2 
/-IA 
Vout = 5.5/0.4V 


VCC Current (Standby) 
fCCI 
CE~ 
VIH 
- 
- 
I 
mA 


10ut-OmA, duty-I 00%, 
- 
- 
8 
mA 
VCC Current (Active) 
fCC2 
cycle 1/-1" 
~l:f.-8~c{eo duty= 100%. 
- 
- 
25 
mA 


Input. Low Voltage 
VIL 
-0.3.1 
- 
0.8 
V 


Input High Voltage 
VIH 
2.2 
- 
VCC+I 
V 


Output Low Voltage 
VOL 
fOL 
= 2.lmA 
- 
- 
0.4 
V 


Output High Voltage 
VOH 
fOH~ 
-400/-IA 
2.4 
- 
- 
V 


Parameter 
Symbol 
Test Condition 
min. 
typo 
max. 
Unit 


Input Capacitance 
Cin 
Vin= OV 
- 
- 
6 
pF 


Output Capacitance 
Cout 
Vout=OV 
- 
- 
12 
pF 
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• 
AC CHARACTERISTICS 
(Ta=O to +70°C, Vcc=5V± 
10%) 


• 
AC Test Conditions 


Input 
Pulse 
Levels: 
OAOV to 2.4V 
Input 
Rise and 
Fall Time: 
~ 20ns 
Output 
Load: 
1TT L Gate + 1OOpF 
Reference 
Levels for Measuring 
Timing: 
Inputs; 
O.BV and 2V 


Outputs; 
O.BV and 2V 


HN58C65-25 
Parameter 
Symbol 
Test Condition 
Unit 
min. 
max. 


Address to Output Delay 
tACC 
CE =OE = V/L 
- 
250 
ns 
WE=V/H 


CE to Output Delay 
tCE 
OE = V/L 
- 
250 
ns 
WE=V/H 


OE to Output Delay 
tOE 
CE= 
VIL 
10 
100 
ns 
WE=V/H 


Address to Output Hold 
tOH 
CE =OE = V/L 
0 
- 
ns 
WE=V/H 


OE High to Output Float 
tDF 
CE = V/L 
0 
90 
WE = VIH 
ns 
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Parameter 
Symbol 
min. 
typo 
max. 
Unit 


Address Setup Time 
tAS 
0 
- 
- 
ns 


CE to Write Setup Time 
tcs 
0 
- 
- 
ns 


WriJe Pusle Width 
twP 
200 
- 
- 
ns 


Address Hold Time 
tAH 
150 
- 
- 
ns 


Data Setup Time 
tDS 
100 
- 
- 
ns 


Data Hold Time 
tDH 
20 
- 
- 
ns 


CE Hold Time 
tCH 
0 
- 
- 
ns 


OE to Write Setup Time 
tOES 
0 
- 
- 
ns 


OE Hold Time 
tOEH 
0 
- 
- 
ns 


Data Latch Time 
tDL 
100 
- 
- 
ns 


Time to Device Busy 
tDB 
120 
- 
- 
ns 


Write Cycle Time 
twc 
- 
- 
10 
ms 


Byte Load Window 
tBL 
100 
- 
- 
IolS 
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Parameter 
Symbol 
min. 
typo 
max. 
Unit 


Address Setup Time 
tAS 
0 
- 
- 
ns 


CE to Write Setup Time 
tcs 
0 
- 
- 
ns 


CE Pulse Width 
tew 
200 
- 
- 
ns 


Address Hold Time 
tAH 
150 
- 
- 
ns 


Data Setup Time 
tDS 
100 
- 
- 
ns 


Data Hold Time 
tDH 
20 
- 
- 
ns 


CE Hold Time 
fCH 
0 
- 
- 
ns 


OE to Write Setup Time 
fOES 
0 
- 
- 
ns 


OEHold 
Time 
fOEH 
0 
- 
- 
ns 


Data Latch Time 
fDL 
100 
- 
- 
ns 


Time to Device Busy 
fDB 
120 
- 
- 
ns 


Write Cycle Time 
fwC 
- 
- 
10 
ms 


Byte Load Window 
faL 
100 
- 
- 
-jjS 
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Parameter 
Symbol 
min. 
typo 
max. 
Unit 


Address Setup Time 
tAS 
0 
- 
- 
ns 


CE to Write Setup Time 
rcs 
0 
- 
- 
ns 


Write Pusle Width 
twp 
200 
- 
- 
ns 


Address Hold Time 
tAH 
150 
- 
- 
ns 


Data Setup Time 
tDS 
100 
- 
- 
ns 


Data Hold Time 
tDH 
20 
- 
- 
ns 


CE Hold Time 
tCH 
0 
- 
- 
ns 


OE to Write Setup Time 
tOEs 
0 
- 
- 
ns 


OE Hold Time 
tOEH 
0 
- 
- 
ns 


Data Latch Time 
tDL 
100 
- 
- 
ns 


Time to Device Busy 
tDB 
120 
- 
- 
ns 


Write Cycle Time 
twc 
- 
- 
10 
ms 


Byte Load Window 
tBL 
100 
- 
- 
IlS 


Byte Load Cycle 
tBLc 
0.3 
- 
30 
IlS 
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Parameter 
Symbol 
min. 
typo 
max. 
Unit 


Address Setup Time 
tAS 
0 
- 
- 
ns 


CE to Write Setup Time 
tcs 
0 
- 
- 
ns 


CE Pulse Width 
tew 
200 
- 
- 
ns 


Address Hold Time 
tAH 
150 
- 
- 
ns 


Data Setup Time 
tDS 
100 
- 
- 
ns 


Data Hold Time 
tDH 
20 
- 
- 
ns 


CE Hold Time 
tCH 
0 
- 
- 
ns 


OE to Write Setup Time 
tOES 
0 
- 
- 
ns 


OE Hold Time 
tOEH 
0 
- 
- 
ns 


Data Latch Time 
tDL 
100 
- 
- 
ns 


Time to Device Busy 
tDB 
120 
- 
- 
ns 


Write Cycle Time 
twc 
- 
- 
10 
ms 


Byte Load Window 
tBL 
100 
- 
- 
jlS 


Byte Load Cycle 
tBLC 
0.3 
- 
30 
jlS 
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• 
Automatic 
Page Write 
Page-mode write feature allows I to 32 bytes of data to be written into the EEPROM in a single write cycle. 
Following the initial byte cycle, an additional 
I to 31 bytes can be written in the same manner. 
Each 
additional byte load cycle must be started within 30/Js of the preceding rising edge of the WE 


• 
DATA 
Polling 
Data polling allows comparison operation to determine the status of the EEPROM. During a write cycle, an 
attempted 
read of the last byte written in the EEPROM 
results in the complement 
data of that byte at 1/07. 


• 
ROY/Busy 
Signal 
ROY/Busy 
signal can be also used to determine 
the status of the EEPROM. 
The ROY/Busy signal has 
high impedance, except in a write cycle and is lowered to 
VOL after the first write signal. At the end of 
a write cycle, the ROY/Busy 
signal changes state to high impedance. 


• 
~. 
CE Pin Operation 


During a write cycle, addresses are latched by the falling edge ofWE' or CE and data is latched by the rising 
edge ofWE' or CE. 


• 
Data Protection 


To protect the data during operation 
and power on/off, the HN58C65 has the internal functions described 
below. 


I. Data Protection against Noise on Control Pins (CE, OE, WE) during Operation 
During readout or standby, noise on the control pins 
may act as a trigger and turn the EEPROM to 
program mode by mistake. 
To prevent this phenomenon, the HN58C65 has a 
noise cancellation function that cuts the noise if its 
width is 20ns or less in program mode. Be careful 
not to allow noise of a width of more than 20ns on 
the control pins. 


:~~ 


11--oV 
I 
I 
I 
I 
I 
I 


~~" 
I I 
---I 
I-- 
20nsmax. 


I 
I 
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2. Data Protection 
at Vcc On/Off 


2-1 
Prevention of unintentional 
programming at 


Vcc on/off. 


When Vcc is turned 
on or off, the noise on the 


control 
pins generated 
by external circuits (CPU, 
etc.) may act as a trigger and turn the EEPROM to 
program 
mode 
by mistake. 
To prevent this un- 


intentional 
programming, 
the EEPROM must be 


kept in an unprogrammable 
state while the CPU is 


in an unstable state. 


In addition, 
when 
Vcc is turned 
on or off, the 


input 
level of on control 
pins must be held as 
shown in the table below. 


Vcc 


X 


X 


X 


X 


Vcc 
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HN58C66 Series 


The 
Hitachi 
HN58C66 
is a 64k CMOS 
EEPROM 
(electrically 


erasable 
and programmable 
ROM), featuring 
data protection 
by 


program 
reset. It realizes low power consumption 
(60 mW typ) and 


a high level of reliability 
(105 erase/write 
cycles and 10 year data 


retention), employing MNOS memory technology and CMOS process 
and circuitry 
technology. 
No external 
circuit for data protection 
is 


required 
since a program 
reset function 
is added, 
so its system 


design is easy. It is suitable for IC cards and memory cards. 


Single 5 V supply 


On chip latches: 
address, data, CE, OE, WE 


Automatic 
byte write: 
10 ms max 


Automatic 
page write (32 bytes): 
10 ms max 
High speed: 
Access time 250 ns max 
Low power dissipation 


Active mode: 
Standby 
mode: 
Data 
polling and RDY/Busy 


Data protection 
circuit on power on/off 
Conforms 
to JEDEC 
byte-wide 
standard 


Reliable 
CMOS with MNOS cell technology 


105 erase/write 
cycles (in page mode) and 10 year data retention 


Program 
reset by RES 


20 mW/MHz typ 


2 mWtyp 


Ordering 
Information 


Type No. 
Access Time 
Package 
HN58C66P-25 
250 ns 
600-mil28-pin 
plastic DIP (DP-28) 
HN58C66FP-25 
250 ns 
28-pin plastic SOP·, 
(FP-28D/DA) 


Note: 
Tis added to the end of the type no. for an SOP of3.00 mm (max) thickness. 


RDY/Busy 


Al2 


A7 


A6 


AS 


A4 


A3 


A2 
AI 


AO 


VOO 


VOl 


1/02 


Vss 


VlC 
m 


RES 


A8 


21 
A9 


All 


O£ 


AIO 
CE 


19 
1/07 
1/06 


1/05 
1/04 
1/03 


Pin Description 


Pin Name 


AO-A12 
IJOO-I/07 


OE 
CE 
WE 


Vcc 


Vss 
RDY/Busy 
RES 


Address 
Input/Output 


Output enable 
Chip enable 
Write enable 


Power supply (+5 V) 


Ground 
Ready/Busy 
Program reset 
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RES 
DE 


IT 
WE 


AO 


A4 
Address 


Buffer 


and 


Latch 
AS 


All 


Mode Selection 


Mode 
CE 
OE 
WE 
RDY/Busy 
RES 
I/O 


(20) 
(22) 
(27) 
(1) 
(26) 
(11-13, 
15-19) 
Read 
VIL 
VIL 
VIH 
High-Z 
VH'! 
Dout 


Standby 
VIH 
x 
x 
High-Z 
x 
High-Z 


Write 
VIL 
VIH 
VIL 
High-Z.-7VOL 
VH 
Din 


Deselect 
VIL 
VIH 
VIH 
High-Z 
VH 
High-Z 
x 
x 
VIH 
High-Z 
x 
Write inhibit 
VIL 
High-Z 
x 
x 
x 


Data polling 
VIL 
VIL 
VIH 
VOL 
VH 
Data out (1/07) 
Program reset 
X 
X 
X 
High-Z 
VIL 
High-Z 


Notes: 
*1. Refer to the recommended DC operating condition. 
*2. x = Don't care. 


Absolute Maximum Ratings 


Item 


Supply voltage'! 
Input voltage'! 
Operating 
temperature 
range') 


Storage temperature 
range 


Symbol 


Vcc 
Vin 


Topr 
Tstg 


Value 


-0.6 to +7.0 


-0.5"2 to +7.0 
o to +70 


-55 to +125 


Unit 


V 


V 
°C 
°C 


Notes: 
*1. Relative to Vss 
*2. Vin min = -3.0 V for pulse width ~ 50 ns 
*3. Including electrical characteristics and data retention 
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Recommended 
DC Operating Conditions 


Item 
Symbol 
Min 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Vn. 
-0.3 
0.8 
V 


Input voltage 
Vrn 
2.2 
Vcc+ 
1 
V 


VH 
Vcc-O.5 
Vcc+ 
1 
V 
Operating 
temperature 
Topr 
0 
70 
·C 


DC Characteristics 
(Ta = 0 to +70°C, Vcc = 5 V ± 10 %) 


Item 
Symbol 
Min 
Typ 


Input leakage current 
ILl 
Output leakage current 
ILO 


Max 
Unit 


2'1 
)lA 


2 
)lA 


1 
mA 


8 
mA 


25 
mA 


0.8 
V 
Vcc+ 
1 
V 


Vcc+ 
1 
V 


0.4 
V 
V 


Input low voltage 


Input high voltage 


-0.3 '2 


2.2 


Vcc- 
0.5 


Output low voltage 
Output high voltage 


Notes: 
• L ILl on RES = 100 IJAmax. 
·2. Vn. min = -LO V for pulse widIh S 50 ns 


Capacitance (Ta = 25°C, f = 1 MHz) 


Item 
Symbol 
Min 


Input capacitance 
Cin 


Output capacitance 
Cout 


Max 


6 


12 


Test Conditions 
Input pulse levels: 


Input rise and fall time: 


0.4 Vto 
2.4 V 


S 20 ns 


Test Conditions 


Vcc= 
5.5 V, Vin = 5.5 V 


Vcc= 
5.5 V 
Vout = 5.5/0.4 V 
CE = Vrn 


lout = 0 mA, duty = 100% 
cycle = 1)lS 
lout = 0 mA, duty = 100% 
maximum 
cycle 


IOL = 2.1 mA 


IOH = -400 )lA 


Unit 


pF 


pF 


Test Conditions 
Vin = 0 V 


Vout= 
0 V 


Output load: 
1TIL Gate + 100 pF 
Reference 
levels for measuring 
timing: 


Inputs; 
0.8 V and 2.0 V 


Outputs; 
0.8 V and 2.0 V 
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HN58C66 
Series 


Read Cycle 


Item 
Symbol 
Min 
Max 
Unit 
Test Conditions 


Address to output delay 
lAce 
250 
ns 
CE= 
OE= 
VlL. WE= 
VlH 


CE to output delay 
teE 
250 
ns 
OE = VlL. WE = VlH 


OE to output delay 
tOE 
10 
100 
ns 
CE = VlL. WE = VlH 


Address to output hold 
tOH 
0 
ns 
CE = OE = VlL. WE = VlH 


OE high to output float 
toF 
0 
90 
ns 
CE = VlL. WE = VlH 
toFR 
350 
ns 
CE=OE=VlL. 
WE=VlH 


RES to output delay 
IRR 
450 
ns 
CE=OE=VlL. 
WE=VlH 


Address 


tAce 


IT 


tCE 


OE 


tOE 
to, 


High 


WE 


Data 
Data Out Valid 


t" 


tOFR 


RES 
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HN58C66 
Series 


Byte Erase and Byte Write Cycle ( WE Controlled ) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Address setup time 
tAs 
0 
ns 
'CE to write setup time 
tes 
0 
ns 
Write pulse width 
twp 
200 
ns 
Address hold time 
tAR 
150 
ns 
Data setup time 
IDs 
100 
ns 
Data hold time 
IDH 
20 
ns 
CEhold 
time 
tm 
0 
ns 
TIE to write setup time 
toES 
0 
ns 
UEholdtime 
tOEH 
0 
ns 
Data latch time 
IDL 
100 
ns 
Time to device busy 
IDB 
120 
ns 
Write cycle time 
twe 
10 
ms 
Byte load window 
tBL 
100 
I.ls 
Reset protect time 
tRP 
100 
I.ls 
Reset high time 
tREs 
I 
I.ls 
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HN58C66 
Series 


Byte Erase and Byte Write Cycle ( CE Controlled) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 


Address setup time 
(AS 
0 
ns 


CE to write setup time 
tcs 
0 
ns 
Write pulse width 
tcw 
200 
ns 
Address hold time 
tAH 
150 
ns 


Data setup time 
los 
100 
ns 


Data hold time 
loH 
20 
ns 
CEhold 
time 
tCH 
0 
ns 
OE to write setup time 
toES 
0 
ns 
OEhold 
time 
tOEH 
0 
ns 
Data latch time 
loL 
100 
ns 
Time to device busy 
loB 
120 
ns 
Write cycle time 
twc 
10 
ms 


Byte load window 
tBL 
100 
J.LS 


Reset protect time 
tRP 
100 
J.Ls 


Reset high time 
tREs 
I 
J.Ls 
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HN58C66 
Series 


Page Erase and Page Write Cycle ( WE Controlled 
) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 


Address setup time 
LAS 
0 
ns 


CE to write setup time 
tes 
0 
ns 


Write pulse width 
tcw 
200 
ns 


Address hold time 
tAR 
150 
ns 


Data setup time 
IDS 
100 
ns 
Data hold time 
IDH 
20 
ns 


CEhold 
time 
tCH 
0 
ns 
OE to write setup time 
toES 
0 
ns 
OE hold time 
toEH 
0 
ns 
Data latch time 
IDL 
100 
ns 
Time to device busy 
IDO 
120 
ns 
Write cycle time 
twe 
10 
ms 


Byte load window 
toL 
100 
~s 
Byte load cycle 
toLe 
0.3 
30 
~s 
Reset protect time 
lRP 
100 
~s 
Reset high time 
tRES 
1 
~s 


SX===X\\\\\\\\\\\\\\\\\\\\\\ 
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HN58C66 
Series 


Page Erase and Page Write Cycle (CE Controlled) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Address setup time 
[AS 
0 
ns 
CE to write setup time 
tes 
0 
ns 
Write pulse width 
tew 
200 
ns 
Address hold time 
WI 
150 
ns 
Data setup time 
lDs 
100 
ns 
Data hold time 
lDH 
20 
ns 
CEhold 
time 
teH 
0 
ns 
OE to write setup time 
toES 
0 
ns 
OEhold 
time 
toEH 
0 
ns 
Data latch time 
lDL 
100 
ns 
Time to device busy 
lDB 
120 
ns 
Write cycle time 
twe 
10 
ms 
Byte load window 
taL 
100 
IlS 
Byte load cycle 
taLC 
0.3 
30 
IlS 
Reset protect time 
tRP 
100 
Ils 
Reset high time 
tREs 
I 
Ils 


SX===X\\\\\\\\\\\\\\\\\\\\\\ 
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• Automatic 
Page Write 
Page-mode 
write feature allows 1 to 32 bytes of data to 
be written into the EEPROM in a single write cycle. Following 
the initial byte cycle, 
an additional 
1 to 31 bytes can be 
written in the same manner. Each additional byte load cycle 


must be started within 30 IJ.sfrom the preceding falling edge 
of WE or CE. Data can be written and accessed 
105 times 


per page. Therefore, 
page write allows the data to be written 
105 times in 32-byte units, 2 x 105 times in 16-byte units, or 


4 x 105 times in 8-byte units. 


• Data Polling 
Data polling 
allows the status of the EEPROM 
to be 


determined. 
If EEPROM 
is set to read mode during a write 


cycle, 
an inversion 
of the last byte of data to be loaded 


outputs from 1/07 to indicatethatthe 
EEPROM is performing 
a write operation. 


• ROY/Busy 
Signal 
ROY/Busy 
signal also allows the status of the EEPROM 


to be determined.The 
RDYIBusy signal has high impedance 
except in write cycle and is lowered to VOLafter the first write 


signal. 
At the end of a write cycle, the ROY/Busy 
signal 
changes 
state to high impedance. 


• WE, CE Pin Operation 
During a write cycle, addresses 
are latched by the falling 
edge of WE or CE, and data is latched by the rising edge of 
WE orCE. 


• RES Signal 
When 
RES 
is low, the EEPROM 
cannot 
be read or 
programmed. 
Therefore, 
data can be protected by keeping 
RES low when Vcc is switched. 
RES should be high during 
read and programming 
because 
it doesn't 
provide a latch 


function. 


• Data Protection 
Data Protection 
against 
Noise on Control 


Pins (CE, OE, WE) during Operation 


During 
readout 
or standby. 
noise on the 


control pins may act as a trigger and turn the 


EEPROM 
to program 
mode by mistake. 


To prevent this phenomenon, 
the HN58C66 


has a noise 
cancelation 
function 
that 
cuts 


noise if its width is 20 ns or less in program 


mode. 


Be careful 
not to allow noise of a width of 


more than 20 ns on the control pins. 


sv 
~---- 


ov 


WE 
_ 


CE 
·W 
. 


OE 
~· 
.. ····· .. ·· .. ~~ 


- 


2005 
max 
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HN58C256 Series - Under Development 


The 
Hitachi 
HN5BC256 
is 
an 
electrically 
erasable 
and 


programmable 
ROM organized 
as 3276B-word 
x B-bit. It realizes 


high speed, low power consumption, 
and a high reliability, employing 


advanced 
MNOS 
memory 
technology 
and 
CMOS 
process 
and 


circuitry 
technology. 
It also has a 64-byte 
page 
reprogramming 


function to make its erase and write operations 
faster. 


Features 


Single 5 V supply 
On-chip 
latches: 
address, data, CE, OE, WE 


Automatic 
byte write: 
10 ms max 


Automatic 
page write (64 bytes): 


10 ms max 
• 
Fast access time: 
150 ns max /200 
ns max 


• 
Low power dissipation: 
20 mW/MHz, 
typ (Active) 


100 llW max (Standby) 


• 
Data polling 


• 
Data protection 
circuit on power on/off 


• 
Conforms 
to JEDEC 
byte-wide 
standard 


• 
Reliable 
CMOS with MNOS cell technology 


1OS erase/write 
cycles (in page mode) and 10 year data retention 


Ordering Information 


Type No. 
Access Time 
HN58C256P-15 
150 TIS 
HN58C256P-20 
200 TIS 
HN58C256FP-15 
150 TIS 
HN58C256FP-20 
200 TIS 


Package 
6oo-mil 28-pin 
plastic DIP (DP-28) 
28-pin 
plastic SOpO'(FP-28D/DA) 


Notes: 
"I. 
T is added to the end of the type no. for an SOP of 3.00 mm (max) 
thickness. 
Die shipment 
is also available. 
Because 
the die has a RES pad, it can 


perform 
a reset function 
(refer to HN58C66 
data sheet). 


The specifications 
of this device are subject to change without notice. Please contact 
your nearest 
Hitachi's 
Sales Dept. regarding 
specificalions. 


AI4 


AI2 


A7 


A6 


AS 


A4 


A3 


A2 
Al 
AO 


VOO 


1/01 


1/02 


Pin Description 


Pin Name 
AO-Al4 


1/00-1107 
OE 
CE 
WE 


Vcc 


Vss 


Function 
Address 
Input/Output 


Output enable 


Chip enable 


Write enable 
Power supply 


Ground 


~HITACHI 


1156 
Hitachi America, ltd .• Hitachi Plaza· 2000Sierra Point Pkwy.• 
Brisbane, CA 94005-1819.(415)589-8300 


Vcc 
WE 
Al3 


A8 


A9 
All 
OE 
AIO 
CE 


1/07 
1/06 
1/05 
1/04 
1/03 
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HN27C256AG 
Series 


This Hitachi 
HN27C256AG 
is a 256-kbit 
ultraviolet 
erasable 


and electrically 
programmable 
ROM, 
featuring 
high speed and 


low power dissipation. 
Fabricated 
on advanced fine process and high speed circuitry 


technique, 
the 
HN27C256AG 
makes high 
speed access time 


possible for 
16 bit microprocessors such as the 8086 and 68000. 
And low power dissipation 
in active and standby modes matches 


our CMOS 256-kbit 
EPROM. 


In programming 
operation, 
the HN27C256AG 
realizes faster 


programming 
time 
than 
our conventional 
256-kbit 
EPROM by 


Hitachi's 
Fast High-Reliability 
Programming Algorithm. 
Pin arrangement, 
pin configuration 
and programming 
voltage 


are 
compatible 
with 
our 
256-kbit 
EPROM 
series, therefore 


existing programmers can be used with the HN27C256AG. 


Features 


• 
High speed 


Access time 
100/120/150ns 
(max.) 


• 
Low power dissipation 


Active mode 
25 mW (typ.) 
(f = 1 MHz) 


Standby mode 
. . . . . . . . . . . . . . . . . . . .. 
5 f..IW(typ.) 


• 
High reliability 
and fast programming 


Programming voltage: 
+12.5V 
DC 


Fast High-Reliability 
Programming Algorithm 
available 


• 
Device identifier 
mode 
Manufacturer 
code and device code 


Ordering Information 


Type No. 


HN27C256AG-10 
HN27C256AG-12 


HN27C256AG-15 


Access 
Time 


100 ns 
120 ns 


150 ns 


Note) 
The specifications 
of this device are subject 
to change without 
notice. 
Please contact 
Hitachi's 
Sales Dept. regarding specifications. 


Pin Name 
AO - A14 
1/00-107 
CE 
OE 


VCC 
Vpp 


VSS 
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A4-A9 
( 


AI2-AU) 


Mode Selection 


Mode 
CE 
OE 
A9 
Vpp 
VCC 
I/O 


(20) 
(22) 
(24) 
(I) 
(28) 
(II 
- 13, 15 - 19) 


Read 
V/L 
V/L 
x 
VCC 
VCC 
Dout 
Output disable 
V/L 
VIH 
x 
VCC 
VCC 
High Z 
Standby 
VIH 
x 
x 
VCC 
VCC 
High Z 
Program 
V/L 
VIH 
x 
Vpp 
VCC 
Din 


Program verify 
VIH 
V/L 
x 
Vpp 
VCC 
Dout 
Optional verify 
V/L 
V/L 
x 
Vpp 
VCC 
Dout 


Program inh.ibit 
VIH 
VIH 
x 
Vpp 
VCC 
High Z 


Identifier 
V/L 
V/L 
VH"2 
VCC 
VCC 
Code 


Notes: 
I. 
x = Don't 
care. 


2. 
VH = 12.0V ± 0.5V. 


Absolute 
Maximum 
Ratings 


Item 
Symbol 
Value 
Unit 


All input and output Voltages"! 
Vin, Vout 
-{).6·2 to +7.0 
V 


A9 input voltage"! 
Vm 
-0.6"2to 
+13.5 
V 


Vpp voltage"! 
Vpp 
-0.6 to +13.5 
V 


VCcvoltage"! 
VCC 
-0.6 to +7.0 
V 
Operating temperature 
range 
Topr 
o to +70 
°c 
Storage temperature 
range 
Tstg 
-65 to +125 
°c 
Storage temperature 
range under bias 
Tbias 
-10 to +80 
°c 


Notes: 
I. 
Relative to VSS. 
2. Vin, Vout, VID min = -I.OV for pulse width;;:; SOns. 
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Read Operation 


DC Characteristics (Ta = 0 to +70°C, Vcc = SV ±10%, Vpp = Vcd 


Parameter 
Symbol 
Min 
Typ 
Max 


Input leakage current 
1£1 
2 


Output leakage current 
1£0 
2 


Vpp current 
IpPI 
20 


~BI 
I 
ISB2 
20 
ICCI 
30 
ICC2 
30 
ICC3 
5 
15 


VJL 
-0.3 *1 
0.8 


VIR 
2.2 
VCC+1.0*2 


VOL 
0.45 


Vom 
2.4 
VOR2 
VCC-0.7 


Notes: 
*1. 
VJL min = -1.0V for pulse width ~ 50ns. 


*2. 
VIR max = VCC + 1.5V for pulse width ~ 20ns. 
If VIR is over the specified maximum value, read operation cannot be guaranteed. 
*3. 
Only defined for DC and long cycle function test. 
VJL max = 0.45V, VIR min = 2.4V for AC function test. 


Capacitance (Ta = 25°C, f= 
1 MHz) 


Parameter 
Symbol 


Input capacitance 
Cin 


Output capacitance 
Cout 


Standby 
V CC current 
Operating 


Input low voltage *3 


Input high voltage*3 


Output low voltage 


AC Characteristics 
(Ta = 0 to 70°C, Vcc = -SV ±1O%, Vpp = Ved 


Test condition 
• 
Input pulse levels: 0.45V to 2.4V 
• 
Input rise and fall times: 
~ 10ns 
• 
Output load: 
1 TTL Gate + 100pF 
• 
Reference Ivels for measuring timing: 
Inputs; 
0.8V and 2.0V 
Outputs; 
O.8V and 2.0V 


Unit 
pF 


pF 


Test Conditions 


Vin =OV 
Vout = OV 


Vin = OV to Vce 
Vout = OV to Vec 
Vpp= 5.5V 


CE=VIH 


CE = Vee 
± 0.3V 


CE = VJL, lout = 0 mA 
f = 10 MHz, lout = 0 mA 


f = 1 MHz, lout = 0 mA 


IOL =2.1 mA 
lOR =-1.0 
mA 


lOR = -100 jJA 


HN27C256AG-IO 
Min 
Max 
HN27C256AG-12 


Min 
Max 
HN27C256AG-15 


Min 
Max 


Address to output delay 
tAce 
100 
120 
150 
ns 
CE = OE = VJL 
CE to output delay 
tCE 
100 
120 
150 
ns 
OE = VJL 


OE to output delay 
tOE 
60 
60 
70 
ns 
CE = VJL 
OE high to output float 
tDF 
0 
35 
0 
40 
0 
50 
ns 
CE= VJL 
Address to output hold 
tOR 
5 
5 
5 
ns 
CE = OE =VJL 


Note: 
tDF is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
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Programming Operation 


Fast High-Reliability 
Programming 


This device 
can be programmed 
by the Fast 
High-Reliability 
Programming 
Algorithm 
shown 
in 


following flowchart. This algorithm offers both faster 
programming time and high reliability data retention. 
The theoretical 
programming 
time 
(except 
blank 


checking 
and 
verifying 
time) 
is 
one-tenth 
of 


conventional 
high 
performance 
programming 


algorithms. 
Regarding 
the 
model 
and 
software 


version 
of the 
programmers 
available 
with 
this 


algorithm, please contact program manufacturer. 
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DC Characteristics 
eTa = 25°C ± 5°C, Vee = 6V ± O.2SV, Vpp = 12.SV ± O.SV) 


Parameter 
Symbol 
Min 
Typ 
Max 


Input 
leakage 
current 
ILl 
2 


Vpp supply 
current 
Ipp 
30 


Operating 
Vee current 
lee 
30 


Input 
low level 
V/L 
_O.los 
0.8 


Input 
high level 
VIR 
2.2 
Vec+0.5 06 


Output 
low voltage 
during 
verity 
VOL 
0.45 


Output 
high voltage 
during 
verify 
VOR 
2.4 


Notes: 
I. 
Vee must 
be applied 
before 
Vpp and removed 
after 
Vpp. 


2. 
Vpp must 
not 
exceed 
13V including 
overshoot. 


3. 
An influence 
may be had upon 
device 
reliobility 
if the device 
is installed 
or removed 
while 
Vpp = 12.5V. 


4. 
Do not 
alter 
Vpp either 
V/L to 12.5V 
or 12.5V 
or 12.5V 
to V/L when 
CE = Low. 
5. V/L min = -0.6V 
for pulse 
width 
~ 20ns. 
6. 
If VIR is over the specified 
maximum 
value, 
programming 
operation 
cannot 
be guaranteed. 


Inputs; 
O.BV and 2.0V 


Outputs; 
O.BV and 2.0V 


Parameter 
Symbol 


Address 
setup 
time 
tAS 


5E setup 
time 
tOES 


Data 
setup 
time 
tDS 


Address 
hold.t.ime 
tAR 


Data 
hold 
time 
tDR 


Vpp setup 
time 
tvps 


Vee setup 
time 
tves 


CE initial 
programming 
pulth 
width 
tpw 


CE overprogramming 
pulse 
width 
topwOt 


Data valid 
from 
OE 
tOE 


OE to output 
float 
delay 
tDF02 


Notes: 
I. 
Refer 
to the Fast 
High·Reliability 
Programming 
Fowchart 
for toPW. 
2. tDF is defined 
as the time 
at which 
the output 
achieves 
the open 
circuit 
condition 
and data 
is no longer 
driven. 


Test Conditions 
• 
Input 
pulse 
levels: 
0.45V 
to 2.4V 


• 
Input 
rise and fall times: 
~ 20ns 
• 
Reference 
levels for measuring 
timing: 


2 


2 


2 
o 


2 


2 


2 
0.19 


0.19 
o 


Vin = OV to Vee 


CE = V/L 


IOL = 2.1 mA 
lOR =-400 
IJ.A 
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, 
Data 
In Stable 
I 
... 
... 
,., 


,~,.s 


fres 


,,.. 


High Performance Programming 
This device can be applied the high performance 
programming 
algorithm 
shown in following 
flow- 
chart. 
This algorithm 
is as same as our 256-kbit 
EPROM series so existing programmers can be used 


with 
this device. 
This algorithm 
allows to obtain 
faster programming time without 
any voltage stress 
to 
the 
device nor 
deterioration 
in 
reliability 
of 
programmed data. 
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DC Characteristics 
(To = 2SoC ± SoC, Vee = 6V ± O.2SV, 
Vpp = 12.5V 
± O.SV) 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Input leakage current 
hI 
2 
IJA 


Vpp supply current 
Ipp 
30 
mA 


Operating Vee current 
lee 
30 
mA 


Input low level 
V/L 
_O.loS 
0.8 
V 


Input high level 
VIH 
2.2 
Vee+O.S06 
V 
Output low voltage during verify 
VOL 
0.45 
V 


Output high voltage during verify 
VOH 
2.4 
V 


Notes: 
1. 
Vee must be applied before Vpp and removed after Vpp. 
2. 
Vpp must not exceed 13V including overshoot. 


3. An influence may be had upon device reliability if the device is instaUed or removed while Vpp = 12.SV. 
4. Do not alter Vpp either V/L to 12.SV or 12.SV to V/L when CE = Low. 
5. V/L min = -0.6V for pulse width ~ 2005. 
6. 
If VIH is over the specified maximum value, programming operation. 
cannot be guaranteed. 


Vin = OV to Vee 


CE = V/L 


IOL 
= 2.1 mA 


IOH=-400 
IJA 


AC Characteristics 
(To = 2SoC ± SoC, Vee = 6V ± O.2SV, 
Vpp = 12.SV 
± O.SV) 


Test Conditions 
• 
Input pulse levels: 0.45V to 2.4V 
• 
Input rise and fall times: 
~ 20ns 
• 
Reference levels for measuring timing: 
Inputs; 
a.8V and 2.0V 
Outputs; 
a.8V and 2.aV 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 
Address setup time 
tAS 
2 
IJS 
OE setup time 
tOES 
2 
IJS 
Data setup time 
tDS 
2 
IJS 
Address hold time 
tAH 
0 
IJS 
Data hold time 
tDH 
2 
IJS 
Vpp setup time 
tvps 
2 
IJS 


Vee setup time 
tves 
2 
IJS 
CE initial programming pulth width 
tpw 
0.95 
1.0 
1.05 
ms 
CE overprogramming 
pulse width 
topwol 
2.85 
78.75 
ms 
Data valid from OE 
tOE 
0 
150 
ns 
OE to output float delay 
tDF"2 
130 
ns 


Notes: 
1. Refer to the high performance programming flowchart for toPW. 
2. 
tDF is defined as the time at which the output achieves the open circuit condition and data 
is no longer driven. 
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Erasure of HN27C256AG 
is performed by exposure 


to ultraviolet 
light of 2537 A and all the output 


data 
are changed 
to 
"'" 
after 
this erasure 
pro- 
cedure. 
The minimum 
integrated dose (Le. UV in- 


tensity 
x 
exposure 
time) 
for 
erasure 
is 
'5 


Wosec/cm2• 


Mode Description 


Device Identifier Mode 
Programming 
condition 
of 
EPROM 
is 
various 


according 
to 
EPROM 
manufacturers 
and device 


types. 
It may cause miss operation. 
To counter- 


measure it, some EPROMs provide maker identifier 
code. 
Users can write EPROM by reading out write 


condition 
coded before shipped. 
Some commercial 


programmers can set write condition by recognizing 
this code. 
This function 
enables effective program. 


Regarding 
commercial 
programmers 
that 
can 
re- 
cognize this device's identifier code, please contact 
programmer maker. 


HN27C256AG Series Identifier Code 


Identifier 
AO 
1/07 
1/06 
1/05 
1/04 
1/03 
1/02 
1/01 
1/00 
Hex Data 
(10) 
(19) 
(18) 
(17) 
(16) 
(15) 
(13) 
(12) 
(11) 


Manufacturer code 
V/L 
0 
0 
0 
0 
0 
1 
1 
1 
07 
Device code 
V/H 
0 
0 
1 
1 
0 
0 
0 
1 
31 


Notes: 
1. A9 = 12.0V ± 0.5V. 
2. Al - A8, AI0 - A14, CE, OE = V/L. 
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HN27C256HG 
Series 


The 
Hitachi 
HN27C256HG 
is a 256-kbit 
ultraviolet 
erasable 


and 
electrically 
programmable 
ROM, featuring 
sub-l00-ns 
access 


times. 
The 
HN27C256HG 
realizes 
access 
time 
of 
70ns 
and 
85ns, 


employing 
the 
advanced 
fine 
process 
and 
high 
speed 
circuitry 


technique. 


The 
timing 
conditions 
such 
as access time 
or output 
hold time 


are 
designed 
as same 
as our 
byte-wide 
SRAMs', 
allowing 
to use 


with 
SRAMs 
on 
the 
same 
memory 
board 
by the 
same 
read 
tim- 


ings. 
So its board 
design 
in 16-bit 
microprocessor 
systems 
is easy. 
Also, 
the HN27C256HG 
realizes 
faster 
programming 
time 
than 


our 
conventional 
256-kbit 
EPROM 
by 
Hitachi's 
Fast 
High- 


Reliability 
Programming 
Algorithm. 
Pin arrangement, 
pin 
configuration 
and 
programming 
voltage 


are compatible 
with 
our 
256-kbit 
EPROM 
series, 
therefore 
exist· 


ing programmers 
can be used with 
the HN27C256HG. 


Features 


• 
High speed 
Access 
time 
70/85ns 
(max.) 


• 
Low power 
dissipation 
Active 
mode 
30 mW (typ.) 
(f = 1 MHz) 


• 
High reliability 
and fast programming 


Programming 
voltage: 
+12.5V 
DC 


Fast High-Reliability 
Programming 
Algorithm 
available 


• 
Device 
identifier 
mode 
Manufacturer 
code 
and device 
code 


Ordering 
Information 


Type No. 


HN27C256 
HG-70 


HN27C256HG-85 


Access Time 


70 ns 


85 ns 


A12 
A14 


A7 
AIJ 


A6 
AS 


AS 
A9 


A4 
All 


AJ 
OE 


A2 
A10 


Al 
CE 


AO 
1/07 


1/00 
1/06 


1/01 
1/05 


1/02 
1/04 


Vss 
1/03 


AO - 
A14 
1/00-107 


CE 


OE 


VCC 


Vpp 


VSS 


Address 


Input/Output 
Chip enable 


Output enable 
Power supply 


Programming power supply 
Ground 
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.\4-A9 
( 


AI2-.'" ) 


Read 


Output disable 
Standby 


Program 
Program verify 
Optional verify 
Program inhibit 
Identifier 


Notes: 
L 
x = Don't care 
2. VH = 12.0V ± 0.5V. 


OE 
A9 
Vpp 
VCC 
I/O 
(22) 
(24) 
(1) 
(28) 
(11 - 13, 15 - 19) 


V/L 
x 
VCC 
VCC 
Dout 


VIH 
x 
VCC 
VCC 
High Z 


x 
x 
VCC 
VCC 
High Z 


VIH 
x 
Vpp 
VCC 
Din 


V/L 
x 
Vpp 
VCC 
Dout 
V/L 
x 
Vpp 
VCC 
Dout 


VIH 
x 
Vpp 
VCC 
High Z 


V/L 
VH02 
VCC 
VCC 
Code 


Absolute 
Maximum 
Ratings 


ltem 
All input and output voltages01 


A9 input voltage ° 1 
Vpp voltage °1 
VCC voitage01 


Operating temperature 
range 


Storage temperature 
range 
Storage temperature 
range under bias 


Notes: 
L 
Relative to VSS. 


2. Vin, Vout, VID min = -LOV for pulse width ~ 50ns. 


Symbol 
Value 
Unit 
Vin, Vout 
-o.6°2to 
+7.0 
V 


V/D 
-0.6°2 
to +13_5 
V 
Vpp 
-0_6 to +13.5 
V 


VCC 
-0.6 to +7.0 
V 


Topr 
o to +70 
·C 


Tstg 
-65 to +125 
·C 


Tbias 
-10 to +80 
·C 


Parameter 


Input capacitance 


Output capacitance 


Symbol 


Cin 
Cout 


Test Conditions 
Vin =OV 


Vout =OV 


Unit 


pF 


pF 
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Read Operation 


DC Characteristics 
(Ta = 0 to +70°C, VCC = SV ± 10%, Vpp = Vcd 


Parameter 
Symbol 
Min 
Typ 
Max 


Input 
leakage 
current!LI 
2 


Output 
leakage 
current!Lo 
2 


Vpp current 
IpPl 
100 


Standby 
VCC current 
ISB 
15 


ICCI 
30 


~~ 
50 
ICC3 
5 
15 
V/L 
-0.3.1 
0.8 


VIH 
2.2 
VCC+1.0·2 


VOL 
0.45 
Vom 
2.4 


VOH2 
VCc--O.7 


Notes: 
1. 
V/L min = -l.OV 
for pulse 
width 
;£ 50ns. 
2. 
VIH max = VCC + 1.5V for pulse 
width 
;£ 20ns. 
If VIH is over the specified 
maximum 
value, 
read 
operation 
cannot 
be guaranteed. 
3. 
Only 
defined 
for DC and long cycle 
function 
test. 
V/L max 
= 0.45V, 
VIH min = 2.4V 
for AC function 
test. 


AC Characteristics 
(Ta = 0 to +70°C, VCC = SV ± 10%, Vpp = Vcd 


Test conditions 
• 
Input pulse levels: 0.45V to 2.4V 
• 
Input rise and fall times: 
;£ 10ns 
• 
Output load: 
1 TTL Gate + 100 pF 
• 
Reference levels for measuring timing: 
Input; 
1.5V 
Outputs; 
1.5V 


Input 
low voltage"3 


Input 
high voltage·3 


Output 
low voltage 


Vin = OV to VCC 
Vout = OV to VCC 
Vpp= 5.5V 


CE = V/H 


CE = V/L,lout 
= 0 mA 


f = 15 MHz, lout 
= OmA 


f = 1 MHz, lout 
= 0 mA 


IOL = 2.1 mA 
IOH= -l.0 mA 


IOH =-100 
IJA 


HN27C256 
HG-70 


Min 
Max 


HN27C256 
HG-85 


Min 
Max 


Address 
to output 
delay 
tACC 
70 
85 
ns 
CE = 5E = V/L 
CE to output 
delay 
tCE 
70 
85 
ns 
6E = V/L 


6E to output 
delay 
tOE 
40 
45 
ns 
CE = V/L 


Of. high to output 
float 
tDF 
0 
30 
0 
30 
ns 
CE = V/L 


Address 
to output 
hold 
tOH 
5 
5 
ns 
CE = OE = V/L 


Note: 
tDF is defined 
as the time 
at which 
the output 
achieves 
the open 
circuit 
condition 
and data 
is no longer 
driven. 
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Programming Operation 


This device 
can be programmed 
by the 
Fast 
High-Reliability 
Programming 
Algorithm 
shown 
in 
following flowchart. 
This algorithm offers both faster 
programming time and high reliability data retention. 
The theoretical 
programming 
time 
(except 
blank 


checking 
and 
verifying 
time) 
is 
one-tenth 
of 
conventional 
high 
performance 
programming 
algorithms. 
Regarding 
the 
model 
and 
software 
version 
of the 
programmers 
available 
with 
this 
algorithm, please contact program manufacturer. 


DC Characteristics (Ta = 2SoC ± SoC, VCC = 6V ± O.2SV, Vpp = 12.SV ± O.SV) 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Input leakage current 
ILl 
2 
/loA 


Vpp supply current 
Ipp 
30 
mA 


Operating VCC current 
Ice 
30 
mA 
Input low level 
V/L 
--{).I·S 
0.8 
V 


Input high level 
VIH 
2.2 
VCc+0.5·6 
V 
Output low voltage during verify 
VOL 
0.45 
V 


Output high voltage during verify 
VOH 
2.4 
V 


Notes: 
I. 
VCC must be applied before Vpp and removed after Vpp. 


2. 
Vpp must not exceed BV including overshoot. 


3. An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5V. 
4. Do not alter Vpp either V/L to 12.5V or 12.5V to V/L when CE = Low. 
5. V/L min = -0.6V for pulse width;;:; 2005. 
6. If VIH is over the specified maximum value, programming operation cannot be guaranteed. 


Vin = OV to VCC 


CE = V/L 


IOL = 2.1 mA 
IoH= -400 
/loA 
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AC Characteristics 
(Ta = 2SoC ± SaC, Vee = 6V ± O.2SV, Vpp = 12.SV ± O.SV) 


Test Conditions 
Input 
pulse 
levels: 
0.45V 
to 2.4V 


Input 
rise and fall times: 
;£ 20ns 
Reference 
levels for measuring 
timing: 
Inputs; 


Outputs; 


Q.8V and 2.QV 


0.8V 
and 2.QV 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Address setup time 
tAS 
2 
I'S 
DE setup time 
tOES 
2 
I'S 
Data setup time 
tDS 
2 
I'S 


Address hold time 
tAH 
0 
I'S 


Data hold time 
tDH 
2 
I'S 


Vpp setup time 
tVPS 
2 
I'S 


Vee setup time 
tves 
2 
I'S 


CE initial programming pulth width 
tpw 
0.19 
0.20 
0.21 
ms 


CE overprogramming 
pulse width 
toPW·1 
0.19 
5.25 
ms 


Data valid from OE 
tOE 
0 
ISO 
ns 
OE to output float delay 
tDF"1. 
130 
ns 


Notes: 
1. Refer to the Fast High-Reliability Programming Flowchart for toPW. 
2. tDF is defined as the time at which the output achieves the open circuit 
condition and data is no longer driven. 
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This device can be applied the high performance 
programming 
algorithm 
shown 
in following flow- 
chart. 
This algorithm 
is as same as our 256-kbit 
EPROM series, so existing programmers can be used 


with this device. 
This algorithm 
allows to obtain 
faster programming time without 
any voltage stress 
to 
the 
device 
nor deterioration 
in reliability 
of 
programmed data. 


DC Characteristics 
(Ta = 2SoC ± SaC, Vee = 6V ± O.2SV, Vpp = 12.SV ± O.SV) 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 
Input leakage current 
ILl 
2 
/l>A 


Vpp supply current 
Ipp 
30 
mA 


Operating Vee current 
Ice 
30 
mA 
Input low level 
V/L 
-0.1 *s 
0.8 
V 


Input high level 
VIH 
2.2 
Vec+{l.5 *6 
V 


Output low voltage during verify 
VOL 
0.45 
V 


Output high voltage during verify 
VOH 
2.4 
V 


Notes: 
I. 
Vee must be applied before Vpp and removed after Vpp. 


2. 
Vpp must not exceed I3V including overshot. 


3. An influence may be had upon device reliability if the device is installed or removed while Vpp = l2.5V. 
4. Do not alter Vpp either V/L to l2.5V or l2.5V to V/L when CE = Low. 
5. V/L min = -o.6V for pulse width ~ 20ns. 
6. If VIH is over the specified maximum value, programming operation cannot be guaranteed. 


Vin = OV to Vee 


CE = V/L 


IOL = 2.1 mA 


IOH= 
-400 p.A 
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AC Characteristics 
(Ta = 25°C ± 5°C, VCC = 6V ± 0.2SV, Vpp= 12.SV ± O.SV) 


Test Conditions 
• 
Input pulse levels: 0.45V to 2.4V 
• 
Input rise and fall times: 
~ 20ns 
• 
Reference levels for measuring timing: 
Inputs; 
1.5V 
Outputs; 
1.5V 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Address setup time 
IAS 
2 
p.s 
OE setup time 
IOES 
2 
p.s 


Data setup time 
IDS 
2 
p.s 


Address hold time 
lAB 
0 
p.s 


Data hold time 
IDB 
2 
p.s 


Vpp setup time 
tvps 
2 
p.s 


VCC setup time 
tvcs 
2 
p.s 
CE initial programming pulth width 
tpw 
0.95 
1.0 
1.05 
ms 
CE overprogramming 
pulse width 
toPW·! 
2.85 
78.75 
ms 


Data valid from OE 
tOE 
0 
150 
ns 
OE to output float delay 
tDF·2 
130 
ns 


Notes: 
1. Refer to the high performance programming flowchart for toPW. 
2. tDF is defined as the time at which the output achieves the open circuit 


condition and data is no longer driven. 
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Erasure of HN27C256HG 
is performed 
by ex- 
posure to ultraviolet light of 2537 A and all the out- 
put 
data 
are changed 
to 
"'" 
after 
this 
erasure 
procedure. 
The minimum 
integrated dose (i.e. UV 
intensity 
x 
exposure 
time) 
for 
erasure 
is '5 
W·sec/cm2• 


Device Identifier Mode 
Programming 
condition 
of 
EPROM 
is 
various 
according 
to 
EPROM 
manufacturers 
and 
device 
types. 
It may cause miss operation. 
The counter- 
measure it, some EPROMs provide maker identifier 
code. 
Users can write EPROM by reading out write 


condition 
coded before shipped. 
Some commercial 
programmers can set write condition by recognizing 
this code. 
This function 
enables effective program. 


Regarding 
commercial 
programmers 
that 
can 


recognize 
this 
device's 
identifier 
code, 
please 


contact programmer maker. 


HN27C256HG Series Identifier Code 


Identifier 
AO 
1/07 
1/06 
1/05 
1/04 
1/03 
1/02 
1/01 
1/00 
Hex Data 
(10) 
(19) 
(18) 
(17) 
(16) 
(15) 
(13) 
(12) 
(11) 
Manufacturer code 
VIL 
0 
0 
0 
0 
0 
1 
1 
1 
07 
Device code 
V/H 
0 
0 
1 
1 
0 
0 
0 
1 
31 


Notes: 
1. A9 = 12.0V ± 0.5V. 
2. Al - A8, AI0 - A14, CE, OE = VIL. 
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HN27512G 
Series 


The 
HN27512G 
is a 65536-word 
by 8-bit 
erasable and electrically 


programmable 
ROM. This device is packaged in a 28-pin 
dual in-line 


package with 
transparent 
window. 
The transparent 
window 
allows 


the 
user to 
expose 
the 
chip 
to 
ultraviolet 
light 
to 
erase the 
bit 


pattern, 
whereby 
a new pattern 
can then be written 
into the device. 


• 
FEATURES 


• 
Single Power Supply 
. . . . . . . . +5V ±5% 
• 
High Performance 
' 
Program Voltage: 
+12.5V 
D.C. 
Programming 
High Performance 
Programming 
Operations 


• 
Static 
No Clocks Required 


• 
Inputs 
and 
Outputs 
TTL 
Compatible 
During 
Both 
Read and 


Program Modes 
• 
Access Time 
26O/300ns 
(max.) 


• 
Absolute 
Max. Rating of 
14.0V 
(max.) 


Vpp pin 
• 
Low Stand-by Current. 


• 
Device Identifier 
Mode 


40mA 
(max.) 
Manufacturer 
Code and Device 


Code 


Type No_ 
Access Time 
Package 


HN27512G-25 
250ns 


HN27512G-30 
300ns 
600 mil 28 pin Cerdip 
-- 


~ 


u 
'0 


>OM 
~ 


8 


All-AI5 
~x 


1/00 


~ 
1/07 
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~ 
CE 
OE/Vpp 
A9 
VCC 
I/O 


Mode 
(20) 
(22) 
(24) 
(28) 
(11-13,15 
-19) 


Read 
VlL 
VlL 
X 
VCC 
Dout 


Output Disable 
VlL 
VIH 
X 
VCC 
HighZ 


Standby 
VIH 
X 
X 
VCC 
High Z 


High Performance Program 
VlL 
Vpp 
X 
VCC 
Din 


Program Verify 
VlL 
VlL 
X 
VCC 
Dout 
Program Inhibit 
VIH 
Vpp 
X 
VCC 
High Z 
Identifier 
VlL 
VlL 
VH"1. 
VCC 
Code 


Notes) 
*1. X ... 
Don't care 
*2. VH: 12.0V ± 0.5V. 


Item 
Symbol 
Value 
Unit 


Operating Temperature 
Range 
Topr 
o to +70 
°C 


Storage Temperature 
Range 
T'tl 
-65 
to +125 
°c 


Storage Temperature 
Range Under Bias 
Tbia. 
-10 to +80 
°c 


All Input and Output Voltages"! 
V1N, Vout 
-0.6 to +7 
V 


Voltage on Pin 24 (A9)"! 
V/D 
-0.6 to +13.5 
V 


Vpp Voltage*! 
Vpp 
-0.6 to +14.0 
V 


Vcc Voltage*! 
Vcc 
-0.6 
to +7 
V 


• 
READ OPERATION 


• 
DC AND 
OPERATING 
CHARACTERISTICS 
(Ta = 0 to +70°C, 
VCC = SV ±S%) 


Parameter 
Symbol 
Test Conditions 
min. 
typo 
max. 
Unit 


Input Leakage Current 
ILl 
V/N= 5.25V 
- 
- 
10 
",A 


Output Leakage Current 
!Lo 
Vout = 5.25V/0.45V 
- 
- 
10 
",A 


Vcc Current (Standby) 
ICCI 
CE = V/H 
- 
- 
40 
mA 


VCC Current (Active) 
ICC2 
CE = OE = V/L 
- 
45 
100 
mA 


Input Low voltage 
V/L 
-o.I·! 
- 
0.8 
V 


Input High Voltage 
V/H 
2.0 
- 
VCC+1•2 
V 


Output Low Voltage 
VOL 
IOL = 2.lmA 
- 
- 
0.45 
V 


Output High Voltage 
VOH 
IOH = -400",A 
2.4 
- 
- 
V 


Notes) 
*1. 
-o.6V for pulse width ~ 20ns 
*2. VCC + 1.5V for pulse width ~ 2005. If VIH is over the specified maximum value, read operation cannot be 
guaranteed. 
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HN27512G-25 
HN27512G-30 
Parameter 
Symbol 
Test Condition 
Unit 


min. 
max. 
min. 
max. 


Addres to Output Delay 
IACC 
CE = OE = VIL 
- 
250 
- 
300 
ns 


CE to Output Delay 
ICE 
OE = VIL 
- 
250 
- 
300 
ns 


OE to Output Delay 
IOE 
CE = V1L 
- 
100 
- 
120 
ns 


OE High Output Float 
IDF 
CE = VIL 
0 
60 
0 
105 
ns 


Address to Output Hold 
tOH 
cr = OE = VIL 
0 
- 
0 
- 
ns 


• 
SWITCHING 
CHARACTERISTICS 


Test Condition 
Input Pulse levels: 
Input Rise and Fall Time: 
Output load: 
Reference Level for Measuring Timing: 


0.45V to 2.4V 
~ 20ns 
1 TTl Gate +100pF 
0.8V and 2.0V 


Parameter 
Symbol 
Test Condition 
min. 
typo 
max. 
Unit 


Input Capacitance Iexcept OE/Vpp 
qnl 
Vin = OV 
- 
4 
6 
pF 


IOE/VppPin 
Cln2 
Vin = OV 
- 
12 
20 
pF 


Output Capacitance 
Cout 
Vout = OV 
- 
8 
12 
pF 
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• 
HIGH PERFORMANCE PROGRAMMING 


This device can be applied 
the High Performance 
Programming 
algorithm 
show in following 
flowchart. 
This 


algorithm 
allows to obtain 
faster programming 
time without 
any voltage stress to the device nor deterioration 


in reliability 
of programmed 
data. 


SET PROG./VERIFY 
MODE 


Vpp= 
12.5tO.3V. 
Vcc= 
6.0tO.25V 


YES 


SET READ 
MODE 
VCC=5.OVtO.25V 
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• 
HIGH PERFORMANCE PROGRAMMING OPERATION 


• 
DC PROGRAMMING 
CHARACTERISTICS 
(Ta = 2SoC±5°C, 
VCC = 6V±O.2SV, 
Vpp = 12.5V±O.3V) 


Parameter 
Symbol 
Test Condition 
min. 
typo 
max. 
Unit 


Input Leakage Current 
ILl 
VIN = 5.25V 
- 
- 
10 
IlA 


Output Low Voltage During Verify 
VOL 
10L = 2.lmA 
- 
- 
0.45 
V 


Output High Voltage During Verify 
VOH 
10H = -4001lA 
2.4 
- 
- 
V 


Vee Current (Active) 
lee2 
- 
- 
100 
mA 


Input Low Level 
VIL 
-O.I"! 
- 
0.8 
V 


Input High Level 
V/H 
2.0 
- 
V0::-+0.5"2 V 


Vpp Supply Current 
Ipp 
CE = V1L 
- 
- 
50 
mA 


Notes) 
"I. 
-o.6V for pulse width ~ 20n5. 
"2. 
If VIH is over the specified maximum value, programming operation cannot be guaranteed. 


Parameter 
Symbol 
Test Condition 
min. 
typo 
max. 
Unit 


Address Setup Time 
tAS 
2 
- 
- 
IlS 


Data Setup Time 
tDS 
2 
- 
- 
IlS 


Address Hold Time 
tAH 
0 
- 
- 
IlS 


Data Hold Time 
tDH 
2 
- 
- 
IlS 


OE Hold Time 
tOEH 
2 
- 
- 
IlS 


CE to Output Float Delay 
InF"! 
0 
- 
130 
ns 


Vpp Setup Time 
tvps 
2 
- 
- 
jI.S 


Vee Setup Time 
tves 
2 
- 
- 
jI.S 


CE Pulse Width During Initial Programming 
tpw 
0.95 
1.0 
1.05 
ms 


CE Pulse Width During Overprogramming 
topw"2 
2.85 
- 
78.75 
ms 


Vpp Recovery Time 
tVR 
2 
- 
- 
IlS 


Data Valid from CE 
tDV 
- 
- 
I 
IlS 


Notes: 
"I. 
tDF is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 


"2. 
Refer to the programming flowchart for toPW. 
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• 
SWITCHING 
CHARACTERISTICS 


Test Condition 
Input Pulse Level: O.45V to 2.4V 
Input Rise and Fall Time: 
~ 20ns 
Reference Level for Measuring Timing: 
O.8V and 2.0V 


tAS 


Data [n Stable 


tDS 
tDH 
tDv 
tDF 


Vpp 


tvps 


VCC+1 


vcc 


tvcs 
tOEH 
tVR 


• 
ERASE 


Erasure of HN27512G is performed by exposure to ultraviolet 
light of 2537A and all the output data are 
changed to "1" 
after this erasure procedure. The minimum 
integrated dose (i.e. UV intensity x exposure 
time) for erasure is 15 W' 
sec/cm2. 


• 
DEVICE 
IDENTIFIER 
MODE 


The Identifier 
Mode allows the reading out of binary codes that identify 
manufacturer and type of device, 


from outputs of EPROM. 
By this Mode, the device will be automatically 
matched its own corresponding 
programming algorithm, using programming equipment. 


~ 
A. 
1/07 
[/06 
1/05 
1/04 
1/03 
1/02 
1/01 
1/00 
Hex 


Identifier 
(10) 
(19) 
(18) 
(17) 
(16) 
(15) 
(13) 
(12) 
(II) 
Data 
Manufacturer Code 
V/L 
0 
0 
0 
0 
0 
1 
1 
1 
07 
Device Code 
V/H 
1 
0 
0 
1 
0 
1 
0 
0 
94 
Notes: 
1. A. = 12.0 ± 0.5V. 
2. Al -..:A., AI. '- Au, cr, OE/vpp = V/L. 
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100 


80 
j 


J! 
60 
] 
'0 
j 
'" 


20 


Ta=2S·C 


lcel 


ICe! 


250 


_200 
! 
~ 
~ 


150 
] 100 
j 


50 


:(! 
J! 


60 
] 
.0 
~l 


20 


250 


200 
] 
~ 150 
~ 
] 
100 
j 
< 
50 


Vcc=5V- 
.---.--- 
L-- 
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HN27C1024HG Series-------- 


The 
Hitachi 
NH27C1024HG 
is a 1-Mbit 
(64-kword 
x 16-bit) 


ultraviolet erasable and electrically 
programmable 
ROM. Fabricated 
on new advanced fine process technique, the HN27C1024HG 
makes 


high speed access time 85/100 ns (max) possible. (HN27C1 024HG 


is a fastest 
1-Mbit 
EPROM.) 
Therefore, 
it is suitable 
for 
16-bit 


microcomputer 
systems 
using high speed microcomputer 
such as 


the 
8086 
and 
68000. 
The 
HN27C1024HG 
offers 
high 
speed 
programming 
using page programming 
mode. 


Features 
Fast high-reliability 
programming 
mode and Fast high-reliability 


page programming 
mode 


Programming 
voltage: 
+12.5 V DC 


Fast High-reliability 
page programming 
14 sec (typ) 


High speed inputs and outputs TIL 
compatible 
during both read 


and program 
modes 


Low power dissipation 


60 mWIMHz 
(typ) 


Device identifier 
mode 


Manufacturer 
code and device code 


JEDEC 
standard 


Ordering 
Information 


Type No. 


HN27C1024HG-85 
HN27CI024HG-1O 


Access Time 


85 ns 
lOOns 


Package 


6oo-mil 
40-pin cerdip (OO-40A) 


Vpp 
1 
CE 
2 
1/015 
3 
1/014 
4 
1/013 
5 
1/012 
6 
1/011 
7 


1/010 
8 
1/09 
9 
1/08 
10 


V" 
11 
1/07 
12 
1/06 
13 
1/05 
14 
1/04 
15 


1/03 
16 
1/02 
17 
1/01 
18 
I/UO 
19 
BE 
20 


Pin Description 


Pin Name 
AO-Al5 


1/00-1/015 
~ 
OE 


Vss 


PGM 
NC 


Function 


Address 
Input/Output 


Chip enable 
Output enable 
Power supply 


Programming 
power supply 


Ground 
Programming 
enable 


No connection 
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~ 
l,024X1,024 


o 
Memory 
Matrix 


I 
>< 


1/00 
I 
1/015 


Mode Selection 


CE 
"DE" 
PGM 
Vpp 
Vcc 
A9 
I/O 
Mode 
(2) 
(20) 
(39) 
(1) 
(40) 
(31) 
(3-10, 12-19) 
Read 
VIL 
VIL 
VIH 
Vcc 
Vcc 
x 
Dout 


Output disable 
VIL 
VIH 
VIH 
Vcc 
Vcc 
x 
High-Z 
Standby 
VIH 
x 
x 
Vcc 
Vcc 
x 
High-Z 


Program 
VIL 
VIH 
VIL 
Vpp 
Vcc 
x 
Din 
Program verify 
VIL 
VIL 
VIH 
Vpp 
Vcc 
x 
Dout 


Page data latch 
VIH 
VIL 
VIH 
Vpp 
Vcc 
x 
Din 


Page program 
VIH 
VIH 
VIL 
Vpp 
Vcc 
x 
High-Z 
VIL 
VIL 
VIL 


Program inhibit 
VIL 
VIH 
VIH 
Vpp 
Vcc 
High-Z 
VIH 
VIL 
VIL 


X 


VIH 
VIH 
VIH 
Identifier 
VIL 
VIL 
VIH 
Vcc 
Vcc 
VH 
Code 


Notes: 
x = Don't care,VH= 
12.0V ± 0.5V 
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Absolute Maximum Ratings 


Item 


All input and output voltages'! 
A9 input voltage'! 


VPI'voltage'! 
Vcc voltage'! 


Operating 
temperature 
range 


Storage temperature 
range 


Storage temperature 
range under bias 


Value 


-0.6'2 to +7.0 


-0.6'2 to + 13.5 


-0.6 to +13.0 


-0.6 to +7.0 
o to +70 


-65 to +125 


-10 to +80 


Unit 
V 


V 


V 


V 
°C 
°C 
°C 


Symbol 
Vin, Vout 


VID 


VPI' 
Vcc 


Topr 
Tstg 
Tbias 


Notes: 
01. Relative to Vss 
°2. Vin, Vout, VIDmin = -1.0 V for pulse width ± 50 ns 


Capacitance 
( Ta = 25°C. f = 1 MHz) 


Item 
Symbol 
Min 


Input capacitance 
Cin 


Output capacitance 
Cout 


Max 


12 
15 


Unit 


pF 
pF 


Test Conditions 
Vin =0 V 


Vout=OV 


DC Characteristics 
(Ta = 0 to +70°C, Vcc = 5 V ± 5%, Vpp = VCC) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Test Conditions 
Input leakage current 
ILl 
2 
J.l.A 
Vin = 5.25 V 


Output leakage current 
ILo 
2 
J.l.A 
Vout = 5.25 V/0.45 V 


VPI'current 
Jppl 
20 
J.l.A 
Vpp=5.5V 


Standby Vcc current 
ISB 
25 
mA 
CE = VDi 


Icc! 
50 
mA 
CE = VIL,lout = 0 mA 
Operating 
Vcc current 
Ico 
110 
mA 
f = 12 MHz, lout = 0 mA 


Ica 
25 
mA 
f = 1 MHz, lout = 0 mA 
Input low voltage') 
VIL 
-0.3'1 
0.8 
V 


Input high voltage') 
VDi 
2.2 
VCc+l.O'2 
V 


Output low voltage 
VOL 
0.45 
V 
IOL= 2.1 mA 
Output high voltage 
VOH 
2.4 
V 
IOH= -400 J.LA 


Notes: 
01. VILmin = -1.0 V for pulse widlh ,,50 ns. 
°2. VDimax = Vcc + 1.5 V for pulse width" 20 ns. 
If VDiis over the specified maximum value, read operation cannOlbe guaranteed. 
°3. Only defined for DC and long cycle function test. 


AC Characteristics 
(Ta = 0 to 70°C. Vcc = 5 V ± 5 %, Vpp = Vcc) 
Test Conditions 


Input pulse levels: 
0.45 V to 2.4 V 


, 
Input rise and fall times: 
~ 10 ns 
Output load: 
1TTL Gate + 100 pF 


Reference 
levels for measuring 
timing: 


Inputs; 
1.5V 


Outputs; 
1.5V 
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HN27C1024HG 
Series 


HN27C1024HG-85 
HN27C1024HG-10 
Unit 
Test Conditions 
Item 
Symbol 
Min 
Max 
Min 
Max 


Address to output delay 
lAce 
85 
100 
ns 
CE=OE= 
VIL 
t'E" to output delay 
tCE 
85 
100 
ns 
OE = VIL 
OE" to output delay 
tOE 
45 
50 
ns 
CE = VIL 
OE high to output float 
lDF 
0 
30 
0 
50 
ns 
CE = VIL 
Address to output hold 
tOH 
0 
0 
ns 
CE=m= 
VIL 


55 
I( 


Standby 
Mode t 


Active 
Mode 
Standby 
Mode 


tc.r 
to. 
to, 


tAcc 
tOH 


Out 
Data Out Valid 
.::Br- 


Fast High-Reliability 
Programming 


This device can be applied the programming 
algorithm 


shown in following flowchart. This algorithm allows to obtain 
faster programming 
time without any voltage stress to the 


device 
nor 
deterioration 
in 
reliability 
of 


programmed 
data. 
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DC Characteristics 
( Ta = 25°C ± 5°C, Vcc = 6 V ± 0.25 V, Vpp = 12.5 V ± 0.3 V ) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 


Input leakage current 
ILl 
2 
fLA 
Output low voltage during verify 
VOL 
0.45 
V 


Output high voltage during verify 
VOH 
2.4 
V 
Operating 
Vcc current 
Icc 
50 
mA 
Input low level 
VIL 
-OJ's 
0.8 
V 


Input high level 
VDi 
2.2 
Vcc + 0.5'6 
V 
Vpp supply current 
IPP 
40 
mA 


Test Conditions 


Vin = 6.25 V/0.45 V 


IOL = 2.1 
mA 


IOH = -400 IlA 


Notes: 
'1. Vcc must be applied before Vppand removed after VPP. 
'2. Vppmust not exceed 13 V including overshoot. 
'3. 
An influence may be had upon device reliability if the device is installed or removed while Vpp= 12.5 V. 


'4. 
Do not alter VPPeither VILto 12.5 Vor 12.5 V to VILwhen CE = Low. 
'5. 
VILmin = --{).6 V for pulse width :S20 ns. 
'6. If VDiis over the specified maximum value, programming operation cannot be guaranteed. 


AC Characteristics 
(Ta = 25°C ± 5°C, VCC = 6 V ± 0.25 V, Vpp = 12.5 V ± 0.3 V) 
Test Conditions 
, 
Input pulse levels: 


, 
Input rise and fall times: 


0.45 V to 2.4 V 


:s 20 ns 


Reference 
levels for measuring 
timing: 


0.8 V, 2.0 V 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Address setup time 
!As 
2 
f!S 


OE setup time 
toES 
2 
f!S 


Data setup time 
IDS 
2 
f!S 


Address hold time 
lAH 
0 
fLs 


Data hold time 
IDH 
2 
fLs 


OE to output float delay 
tDF·1 
0 
130 
ns 
Vpp setup time 
tvps 
2 
f!S 


VCCsetup time 
tvcs 
2 
f!S 


PGM initial programming 
pulse width 
lPW 
0.19 
0.2 
0.21 
ms 


PaM overprogramming 
pulse width 
topw'2 
0.19 
5.25 
ms 
CEsetuptime 
tcES 
2 
f!S 


Data valid from OE 
toE 
0 
150 
ns 


Notes: 
'1. 
lOPis dermed as the time at which the output achieves the open circuit condition and data is no longer driven. 
'2. 
Refer to the programming flowchart for IOPW. 
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Fast High-Reliability 
Page Programming 


This device can be applied the high performance 
page 


programming 
algorithm 
shown in following 
flowchart. 
This 


algorithm allows to obtain faster programming 
time without 


any voltage stress to the device 
nor deterio- 


ration in reliability of programmed 
data. 
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DC Characteristics 
(Ta = 25°C ± 5°C, Vcc = 6 V ± 0.25 V, 
Vpp = 12.5 V ± 0.3 V) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 


Input 
leakage 
current 
ILl 
2 
I!A 


Output 
low 
voltage 
during 
verify 
VOL 
0.45 
V 


Output 
high 
voltage 
during 
verify 
VOH 
2.4 
V 


Operating 
Vce 
current 
Ice 
50 
mA 


Input 
low 
level 
VIL 
-0.1'$ 
0.8 
V 


Input 
high 
level 
Vrn 
2.2 
Vce + 0.5'6 
V 


Vpp supply 
current 
Ipp 
50 
mA 


Test 
Conditions 


Vin 
= 6.25 V/0.45 V 


IOL= 2.1 mA 


IOH = -400 
I!A 


Notes: 
"\. 
Vcemust 
be applied 
before 
Vppand 
removed 
after VPP. 
"2. VPP must not exceed 
13 V including 
overshoot. 
"3. 
An influence 
may be had upon device reliability 
if the device is installed 
or removed 
while Vpp = 12.5 V. 
"4. 
Do not alter VPP either VIL to 12.5 V or 12.5 V to VIL when CE = Low. 
"5. 
VIL min = --{).6 V for pulse width S 20 ns. 


"6. If Vrn is over the specified 
maximum 
value, programming 
operation 
cannot be guaranteed. 


AC Characteristics 
(Ta = 25°C ± 5°C, VCC = 6 V ± 0.25 V, 
Vpp = 12.5 V ± 0.3 V) 
Test Conditions 
, 
Input pulse levels: 


, 
Input rise and fall times: 


0.45 V to 2.4 V 
$ 20 ns 


Reference 
levels for measuring 
timing: 


0.8 V, 2.0 V 


Item 
Symbol 
Min 
Typ 
Max 
Unit 


Address 
setup 
time 
tAs 
2 
I!S 


OE setup 
time 
toES 
2 
I!S 


Data 
setup 
time 
IDs 
2 
I!S 


tAH 
0 
I!s 
Address 
hold 
time 
tAHL 
2 
I!s 


Data 
hold 
time 
IDH 
2 
I!s 
OE to output 
float 
delay 
IDP'! 
0 
130 
ns 


Vpp setup 
time 
tvps 
2 
I!S 


Vce 
setup 
time 
tvcs 
2 
I!S 
PGM initial 
programming 
pulse 
width 
lPW 
0.19 
0.2 
0.21 
ms 
PGM 
overprogramming 
pulse 
width 
tOpw'2 
0.19 
5.25 
ms 


CE setup 
time 
tCES 
2 
I!S 


Data 
valid 
from 
OE 
tOE 
0 
150 
ns 
OE pulse 
width 
during 
data 
latch 
!LW 
1 
I!s 


PGM setup 
time 
lPGMS 
2 
I!s 


CEhold 
time 
tcEH 
2 
I!S 
O'E' hold 
time 
tOEH 
2 
I!S 


Notes: 
"\. 
lOP is defmed 
as the time at which the output achieves 
the open circuit condition 
and data is no longer 
driven. 
"2. Refer to the programming 
flowchart 
for IOPW. 
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HN27C1024HG 
Identifier Code 
AO 
1/08 to I/O 15 
1/07 
1/06 
1/05 
1/04 
1/03 
1/02 
1/01 
1/00 
Hex 
Identifier 
(21) 
(10) to (3) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 
Data 
Manufacturer 
code 
VIL 
x 
0 
0 
0 
0 
0 
1 
1 
1 
07 
Device code 
VlH 
x 
1 
0 
1 
1 
1 
0 
1 
0 
BA 


Notes: 
x = Don't care. A9 = 12.0 V ± 0.5 V, AI-A8. AIO-AI5, CEo OE = VIL. PGM = VlH 


AO 


Dala 


Vpp 


Vpp 
Vcc 


Vcc 
VCC+1 


Vcc 


IT 


PGM 


or 


Erase 


Erasure of HN27C1 024HG is performed by exposure to 


ultraviolet 
light of 2537 A and all the 
output 
data 
are 


changed 
to "1" after this erasure procedure.The 
minimum 


Device Identifier Mode 


The device 
identifier 
mode 
allows the reading 
out of 


binary codes that identify manufacturer 
and type of device, 


from outputs 
of EPROM. 
By this mode, the device will be 


integrated 
dose (i.e. UV intensity 
x exposure 


time) for erasure is 15 W.sec/cm2. 


automatically 
matched its own corresponding 


programming 
algorithm, 
using programming 


equipment. 
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Supply Current 
VI. Supply Voltage 


1.6 


.....• 
Ta=25'C 
~ 
.., 
Vin=Vcc/Vss 
~ 
.~ 
f=12MHz 
:.; 
-;; 
1.4 
e 
e 


~ 


0 
~ 
] 
] 


i: 
i: 


~ 
~ 


U 
U 


>. 
>. 


8: 
8: 


" 
" 
Ch 
Vl 


0.6 
5 
4 


Supply Voltage 
Vcc(V) 


10 
~ 
.~ 
-;; 
e0 
~] 
1.0 
i: 


~ 


0.5 
i 
0.2 
" 
Vl 


V 
CC,,!5V 


Ta=25'C 
Vin=Vcc/V •• 
- 


I- 
- 


0.5 
1.0 
5 


Frequency 
f (MHz) 


Vcc=5.0V 
/ 


/ / 
/ 


./ 
~ 
M 
1.0 


~ 
0.9 


E= 
~ 
0.8 
j 
0.70 


Vcc=5.0V 
Vin=Vcc/V •• 
f=12MHz 


i-- 


~ 
'- - 


20 
40 
60 
80 


Ambient Temperature 
Ta (0C) 


1.4 
~ 
.~ 1.3 
<ie0 
~ 
'"~u 
uj 


4.5 
5.0 
5.5 


Supply Voltage 
Vcc (V) 


Ambient Temperature 
Ta (0C) 
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131072-word 
X 8-bit 
CMOS U.V. Erasable and Programmable 
ROM 


• 
fEATURES 
• 
Single Power Supply 
+5V ±5% 


• 
Fast 
High-Reliability 
Program 
Mode 
and 
Fast 
High- 
Reliability 
Page Program Mode 
, , ... 
' 
Program Voltage: 
+12,5V 
DC 


.... 
, . . .. 
Fast High-Reliability 
Programming 
Available 


• 
Static".,., 
, 
, , 
No Clocks Required 


• 
Inputs and Outputs 
TTL Compatible 
during 
Both Read and 


Program Modes 
• 
Access Time 
... 
,., 
.... 
170/200/250ns 
(max,l 


• 
Low power Dissipation 
., 
50mW/MHz 
typo (Active 
Mode) 
5J.1.Wtypo 
(Standby 
Model 


• 
Pin Arrangement 
... 
" 
.... 
,. 
32-Pin JEDEC Standard 


HN27C1 01G Series 


Type No. 
Access Time 
Package 


HN27CIOIG-17 
170ns 


HN27CIOIG-20 
200ns 
600-mil 32-pin Cerdip 


HN27CIOIG-25 
250ns 


• 
PIN ARRANGEMENT 


v•• 
vee 


A16 
PGM 


A15 
NC 


A12 
A14 


A7 
Al3 


A6 
A8 


A5 
A9 


A4 
All 


A3 
OE 


A2 
AIO 


Al 
CE 


AO 
1/07 


1/00 
1/06 


1/01 
1/05 


1/02 
1/04 


Vss 
1/03 


(Top 
View) 


~ 
CE 
OE 
- 


Vpp 
I/O 


Mode 
S 


PGM 
Vcc 


(22) 
(24) 
(31) 
(I) 
(32) 
(l3-1S,17-21) 


Read 
V/L 
V/L 
__ --!;.!.H 
VCC 
Vcc 
Dout 


Ou tpu t Di•• ble 
V/L 
VIH 
-.!.!H 
Vcc 
Vcc 
IliIh Z 


Standby 
VIH 
X_~ 
X 
Vcc 
Vcc 
IliIh Z 


Program 
V/L 
VIH 
V/L 
Vpp 
Vcc 
Din 


Program 
Verify 
V/L 
V/L 


~- 
. 


Vpp 
Dout 
VIH 
Vcc 


Page Data 
Latch 
VIH 
V1L 
VIH 
Vpp 
Vcc 
Din 


Page 
Program 
VIH 
VIH. 
V/L 
Vpp 
VCC 
IliIh Z 


V1L 
V/L 
V/L 


Program 
Inhibit 
_,,:.r.L..-. 
-.!.!t:!.-_ 
VIH 
Vpp 
Vcc 
IliIh Z 
--:-:"-'- 
V1H 
V1L 
__ 
V/L 
---=--- 


VIH 
VIH. 
-.!J1f 
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Item 
Symbol 
Value 
Unit 


All Input and Output 
Voltage·1 
Vin, 
Vout 
_0.6.2 
to +7.0 
V 


Vpp 
Voltage· 1 
Vpp 
-0.6 to +13.0 
V 


V CC Voltage· 1 
Vcc 
-0.6 
to +7.0 
V 


Operating Temperature 
Range 
Topr 
o to +70 
°C 


Storage Temperature 
Range 
T'tll 
-65 
to +125 
°C 


Storage Temperature 
Range Under Bias 
Tbio. 
-10 to +80 
°c 


Notes) 
*1. 
With respect to Vss 


*2. 
-1.0V for pulse width ~ 50ns. 


• 
READ OPERATION 
• 
DC CHARACTERISTICS 
(Ta =Oto+70°C, 
VCC=5V±5%, Vpp=Vcd 


i'Jlrameter 
Symbol 
Test Conditions 
min. 
typo 
max. 
Unit 


Input Leakage Current 
ILl 
Vin-5.25V 
- 
- 
2 
IJA 


Output Leakage Current 
ILO 
Vout=5.25V/0.45V 
- 
- 
2 
IJA 


VppCurrent 
IpPI 
Vpp=5.5V 
- 
I 
20 
IJA 


IS81 
CE= VlH 
- 
- 
I 
mA 
Vcc 
Current 
IS82 
CE= VCC ±0.3V 
I 
20 
- 
IJA 


ICCI 
CE= VlL, lout =OmA 
- 
- 
30 
mA 


VCC Current 
ICC2 
f=5MHz,lout=OmA 
- 
- 
30 
mA 


ICC3 
f=IMHz,lout=OmA 
- 
- 
15 
mA 


Input Low Voltage 
VlL 
-0.3.1 
- 
0.8 
V 


Input High Voltage 
VlH 
2.2 
- 
VCc+I•2 
V 


Output Low Voltage 
VOL 
IOL=2.lmA 
- 
- 
0.45 
V 


Output High Voltage 
VOH 
IOH=-4OOIJA 
2.4 
- 
- 
V 


Notes) 
*1. 
-1.0V for pulse width ~ 50ns, 


*2. 
VCC + l.5V for pulse width ~ 20ns. If VIH is over the specified maximum value, read operation cannot be 
guaranteed. 


HN27C101G-17 
HN27CI01G-20 
HN27C101G-25 
Parameter 
Symbol 
Test Conditions 
Unit 
min. 
max. 
min. 
max. 
min. 
max. 


Address to Output Delay 
tACC 
CE = OE = VIL 
- 
170 
- 
200 
- 
250 
ns 


CE to Output Delay 
tCE 
OE= 
VIL 
- 
170 
- 
200 
- 
250 
ns 


OE to Output Delay 
tOE 
CE = VIL 
10 
70 
10 
70 
10 
100 
ns 


OE High to Output F10at 
tDF 
CE = VIL 
0 
50 
0 
50 
0 
60 
ns 


Address to Output Hold 
tOH 
CE = OE = VIL 
0 
- 
0 
- 
0 
- 
ns 


• 
SWITCHING 
CHARACTERISTICS 
• 
Test Condition 
Input Pulse Levels: 
0.45V to 2,4V 
Input Rise and Fall Time: 
~ 20ns 
Output 
Load: 
1 TTL Gate + 100pF 
Reference Levels for Measuring Timing: 
Inputs; 0.8V and 2,OV 
Outputs;0,8Vand 
2.0V 
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Parameter 
Symbol 
Test Conditions 
min. 
typo 
max. 
Unit 


Input Capacitance 
ein 
Vin; 
OV 
- 
- 
10 
pF 


Output Capacitance 
Cout 
Vout; 
OV 
- 
- 
15 
pF 


• 
FAST 
HIGH-RELIABILITY 
PROGRAMMING 


This device 
can 
be applied 
the 
Fast High-Reliability 


Programming 
algorithm 
shown 
in 
following 


flowchart. 
This 
algorithm 
allows 
to 
obtain 
faster 
programming 
time 
without 
any voltage 
stress to the 


device 
nor 
deterioration 
in 
reliability 
of 
pro- 
grammed 
data. 
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Parameter 
Symbol 
Test Conditions 
min. 
typo 
max. 
Unit 


Input Leakage Current 
ILl 
V1n= 6.2SV/0.4SV 
- 
- 
2 
IlA 


Output Low Voltage during Verify 
VOL 
IOL = 2.lmA 
- 
- 
0.45 
V 


Output High Voltage during Verify 
VOH 
IOH =-400IlA 
2.4 
- 
- 
V 


Vee Current (Active) 
Ice 
- 
- 
30 
mA 


Input Low Level 
VJL 
_0.1°5 
- 
0.8 
V 


Input High Level 
V1H 
2.2 
- 
VCC+O.s"li 
V 


Vpp Supply Curren t 
Ipp 
CE = PGM=VJL 
- 
- 
40 
mA 


Notes) °1. 
Vee must be applied before Vpp and removed after Vpp. 


° 2. 
Vpp must not exceed 13V including overshoot. 


°3. 
An influence may be had upon device reliability if the device is installed or removed while Vpp=12.SV. 


°4. 
Do not alter Vpp either VJL to 12.5Vor 
12.SV to VJL when CE = Low. 
°S. 
--{).6Vfor pulse width ;i; 20ns. 
°6. 
If VIH is over the specified maximum value, programming operation cannot be guaranteed . 


• 
AC PROGRAMMING 
CHARACTERISTICS 


(TQ=25°C ±5°C, 
Vcc=6V 
±O.25V, 
Vpp=12.5V 
±O.3V) 


Parameter 
Symbol 
Test Conditions 
min. 
typo 
max. 
Unit 


Address Setup Time 
tAS 
2 
- 
- 
IlS 


OE Setup Time 
tOES 
2 
- 
- 
IlS 


Data Setup Time 
tDS 
2 
- 
- 
IlS 


Address Hold Time 
tAH 
0 
- 
- 
IlS 


Data Hold Time 
tDH 
2 
- 
- 
IlS 


OE to Output Float Delay 
tDFOI 
0 
- 
130 
ns 


Vpp Setup Time 
tvps 
2 
- 
- 
IlS 


Vee Setup Time 
tves 
2 
- 
- 
IlS 


PGM Pulse Width during Initial Programming 
tpw 
0.19 
0.2 
0.21 
ms 


PGM Pulse Width during Overprogramming 
'OPW02 
0.19 
- 
5.25 
ms 


CE Setup Time 
teEs 
2 
- 
- 
IlS 


Data Valid from OE 
tOE 
0 
- 
ISO 
ns 


Notes: 
01. 
tDF is defined as the time at which the output achieves the open ciIcuit condition and data is no long'er driven. 


°2. 
Refer to the programming flowchart for torw. 
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• 
SWITCHING 
CHARACTERISTICS 
Input Pulse Levels: 
Input Rise and Fall Time: 


Reference Levelsfor Measurement 
Timing: 


Vpp 
VI'I' 


VCC 


Vcc + 1 


Vcc Vcc 


0.45V to 2.4V 
~ 20ns 


Inputs;O.SV and 2.0V 
Outputs; O.SV and 2.0V 
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• 
FAST 
HIGH·RELIABILITY 
PAGE PROGRAMMING 


This device can be applied the Fast High.Reliability Programming algorithm shown in following flowchart. 
This algorithm 
allows to obtain faster programming 
time without 
any voltage stress to the device nor 
deterioration 
in reliability of programmed data. 


START 


Parameter 
Symbol 
Test Conditions 
min. 
typo 
max. 
Unit 


Input Leakage Current 
ILl 
Vi"= 6.2SV/0.4SV 
- 
- 
2 
I'A 


Output Low Voltage during Verify 
VOL 
IOL = 2.1mA 
- 
- 
O.4S 
V 


Output High Voltage during Verify 
VOH 
IOH=-400I'A 
2.4 
- 
- 
V 


Vee 
Current (Active) 
Ice 
- 
- 
30 
mA 


Input Low Level 
V/L 
-0.105 
- 
0.8 
V 


Input High Level 
VIH 
2.2 
- 
Va'-t{).5°~ 
V 


Vpp Supply Current 
Ipp 
CE-OE-V/H. PGM-V/L 
- 
- 
50 
mA 


Notes) 
*r. 
Vee 
must be applied before Vpp and removed after Vpp. 
*2. 
Vpp must not exceed l3V including overshoot. 


*3. 
An influence may be had upon device reliability if the device is installed or removed while Vpp=12.5V. 
*4. 
Do not alter Vpp either V1L to 12.SV or l2.SV to V/L when CE=Low. 
*S. 
-o.6V for pulse width ~ 20ns 
*6. 
If VIH is over the specified maximum value, programming operation cannot be guaranteed. 
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• 
AC PROGRAMMING CHARACTERISTICS 
(Ta=2SoC ±SoC. Vcc=6Y 
±O.2SY. 
Vpp=12.SY 
±O.3Y) 


Parameter 
Symbol 
Test Conditions 
min. 
typo 
max. 
Unit 


Address 
Setup 
Time 
(AS 
2 
- 
- 
IlS 


OE Setup 
Time 
(OES 
2 
- 
- 
IlS 


Data 
Setup 
Time 
(DS 
2 
- 
- 
IlS 


(AH 
0 
- 
- 
IlS 
Address 
Hold Time 
(AHL 
2 
- 
- 
IlS 


Data Hold 
Time 
(DH 
2 
- 
- 
IlS 


OE to Output 
Float 
Delay 
tDF 
OI 
0 
- 
130 
ns 


Vpp Setup 
Time 
(VPS 
2 
- 
- 
IlS 


VCC Setup 
Time 
(VCS 
2 
- 
- 
IlS 


PGM Pulse Width 
during 
Initial 
Programming 
(PW 
0.19 
0.2 
0.21 
ms 


PGM Pulse Width 
during 
Overprogramming 
toPW'Z 
0.19 
- 
5.25 
ms 


CE Setup 
Time 
(CES 
2 
- 
- 
IlS 


Data 
Valid 
from 
OE 
(OE 
0 
- 
150 
ns 


OE Pulse Width 
during 
Data 
Latch 
(LW 
I 
- 
- 
IlS 


PGM Setup 
Time 
(PGMS 
2 
- 
- 
IlS 


CE Hold 
Time 
(CEH 
2 
- 
- 
IlS 


OE Hold Time 
(OEH 
2 
- 
- 
IlS 


Notes: 
01. 
tDF is defined 
as the time 
at which 
the output 
achieves 
the open 
circuit 
condition 
and data 
is no longer 
driven. 
02. 
Refer 
to the programming 
flowchart 
for topw 


• 
SWITCHING CHARACTERISTICS 
• 
Test Condition 
Input Pulse Levels: 
0.45Y to 2.4Y 
Input Rise and Fall Time: 
~ 20ns 
Reference Levels for Measuring Timing: Inputs; O.BYand 2.0Y 
Outputs; O.BYand 2.0Y 


• 
ERASE 
Erasure of HN27C101G is performed 
by exposure to ultraviolet light of 2537 A and all the output data 
are changed 
to "1" 
after 
this erasure procedure. 
The minimum 
integrated 
dose (i.e. UY intensity 
x 
exposure time) for erasure is 15W·sec/cm2 
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1.6 


I., 


] 
1 
1.2 


z 
j 
1.0 
~ 
c3 


0.8l 


0.6 


Vcc=5.0V 
ViII = Vcc!Vss 
f=5MHz 


Ta=2S'C 
~'i"= VcclV.u 
j=SMHz 


10 


il 
1 
~ 
1.0 


j 
0.5 
8: 
J: 


0.2 


Vcc=5V 
I 


T.~25·C 
- 
Vi" = VcclVss 


J 


~ ,/ 


] 
'"~ 
1.2 
z 


1.3 


1.2 
11 
1.1 
~ 


!! 
j 


1.0 


§ 
0.9 
... 
~ 
< 
0.8 


Vcc=5.0V 


----- 
-- 
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131072-word 
X 8-bit CMOS U.V. Erasable and Programmable ROM 


• 
FEATURES 
• 
Single Power 
Supply 
+5V ±5% 


• 
Fast 
High-Reliability 
Program 
Mode 
and 
Fast 
High- 
Reliability 
Page Program 
Mode 


................... 
Program 
Voltage: 
+12.5V 
DC 


. . . . . . . .. 
Fast 
High-Reliability 
Programming 
Available 


• 
Static 
No Clocks 
Required 
• 
Inputs 
and Outputs 
TTL Compatible 
During 
Both 
Read and 


Program 
Modes 


• 
Access Time 
170/200/250ns 
(max.l 
• 
Low power 
Dissipation 
.. 
50mW/MHz 
typo (Active 
Mode) 
5p.W typo 
(Standby 
Model 


• 
Pin Compatible 
with 
1Mbit MASK 
ROM (28pin 
type) 


HN27C301G Series 


Type No. 
Access Time 
Package 


HN27C301G·17 
170ns 


HN27C301G-20 
200ns 
600 mil 32 pin Cerdip 


HN27C301G-25 
250ns 


1024 x 1024 


MEMORY 
MATRIX 


L 


22 CE 


21 I/O, 


I/O. 
I/O, 
I/O. 
I/O, 


~ 
IT 
OE 
PGM 
Vpp 
vcc 
I/O 


Mode 
(22) 
(2) 
()1) 
(1) 
(32) 
(1)-15,11-21) 


Read 
V/L 
V/L 
V/H 
Vcc 
Vcc 
Dout 


Output 
Disable 
V/L 
V/H 
V/H 
VCC 
Vcc 
High Z 


Standby 
V/H 
X 
X 
Vcc 
Vcc 
High Z 


Program 
V/L 
V1H 
V/L 
Vpp 
VCC 
Din 


Program 
Verify 
V/L 
V/L 
V/H 
Vpp 
Vcc 
Dout 


Page Data 
Latch 
V/H 
V/L 
V1H 
Vpp 
VCC 
Din 


Page Program 
V/H 
V/H 
V/L 
Vpp 
VCC 
High Z 


V/L 
V/L 
V/L 


Program 
Inhibit 
V/L 
V/H 
V/H 
Vpp 
Vcc 
High Z 


V/H 
V/L 
V/L 


V/H 
V/H 
V/H 
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Item 
Symbol 
Value 
Unit 


All Input and Output Voltages"! 
Vin• Vout 
-0.6"2 
to +7.0 
V 


Vpp Voltage"! 
Vpp 
-0.6 
to +13.0 
V 


VCC Voltage! 
VCC 
-0.6 to +7.0 
V 


Operating Temperature 
Range 
Topr 
o to +70 
·C 


Storage Temperature 
Range 
T.re 
-65 
to +125 
·C 


Storage Temperature 
Range Under Bias 
Tbia. 
-IOto+80 
·C 


Notes) 
"I. 
With respect to Vss. 
"2. 
-1.0V for pulse width ~ 50ns . 


• 
READ 
OPERATION 
• 
DC CHARACTERISTICS 
(Ta = 0 to +70°C, 
VCC=5V 
±5%, Vpp= VCC> 


Parameter 
Symbol 
Test Conditions 
min. 
typo 
max. 
Unit 


Input Leakage Current 
ILl 
Vin=5.25V 
- 
- 
2 
,..A 


Output Leakage Current 
ILO 
Vout=5.25V/0.45V 
- 
- 
2 
,..A 


Vpp Current 
IpPl 
Vpp=5.5V 
- 
I 
20 
,..A 


ISBI 
CE=V/H 
- 
- 
I 
mA 
VCC Current 


ISB2 
CE= VCC ±0.3V 
I 
20 
,..A 
- 


ICCI 
CE= I'lL, 
lout =OmA 
- 
- 
30 
mA 


V CC Current 
ICC2 
f=5MHz,lout=OmA 
- 
- 
30 
mA 


ICC3 
f= IMHz, lout=OmA 
- 
- 
15 
mA 


Input Low Voltage 
I'lL 
-0.3 "! 
- 
0.8 
V 


Input High Voltage 
V/H 
2.2 
- 
VCC+ 1"2 
V 


Output Low Voltage 
VOL 
IOL=2.1mA 
- 
- 
0.45 
V 


Output High Voltage 
VOH 
IOH=-400,..A 
2.4 
- 
- 
V 


Notes) 
"I. 
-1.0V for pulse width ~ SOns. 
"2. 
VCC + 1.5V for pulse width ~ 20ns. If VIH is over the specified maximum value, read operation cannot be 
guaranteed. 


• 
AC CHARACTERISTICS 
(Ta=O to +70°C, 
VCC=5V±5%, 
Vpp=VCC> 


HN27C301G-17 
HN27C301G-20 
HN27C301G-25 
Parameter 
Symbol 
Test Conditions 
Unit 


min. 
max. 
min. 
max. 
min. 
max. 


Address to Output Delay 
tACC 
CE = OE = I'lL 
- 
170 
- 
200 
- 
250 
ns 


CE to Output Delay 
tCE 
OE = I'lL 
- 
170 
- 
200 
- 
250 
ns 


OE to Output Delay 
tOE 
CE = I'lL 
10 
70 
10 
70 
10 
100 
ns 


OE High to Output Float 
tDF 
CE= I'lL 
0 
50 
0 
50 
0 
60 
ns 


Address to Output Hold 
tOH 
CE - OE = I'lL 
0 
- 
0 
- 
0 
- 
ns 


• 
SWITCHING 
CHARACTERISTICS 


• 
Test Condition 
Input 
Pulse Levels: 
0.45V 
to 2.4V 
Input 
Rise and Fall Time: 
:<;;: 2005 


Output 
Load: 
1 TTL Gate + 100pF 
Reference 
Levels for Measuring 
Timing: 
Inputs; 
0.8V and 2.0V 


Outputs;0.8V 
and 2.0V 
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Parameter 
Symbol 
Test Conditions 
min. 
typo 
max. 
Unit 


Input Capacitance 
C'n 
V'n = OV 
- 
- 
10 
pF 


Output Capacitance 
Cout 
Vout = OV 
- 
- 
IS 
pF 


• 
FAST 
HIGH·RELIABILITY 
PROGRAMMING 
This 
device 
can be applied 
the 
Fast High·R.eliability 
Pro- 


gramming 
algorithm 
shown 
in 
following 
flowchart. 


This algorithm 
allows to obtain faster programming time 


without 
any voltage stress to the device nor deteriora- 


tion in reliability 
of programmed data. 


ENIJ 
FAIL 


Fast High-Reliability Programming Flowchart 
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Parameter 
Symbol 
Test Conditions 
min. 
typo 
max. 
Unit 


Input Leakage Current 
ILl 
V1"= 6.25V/0.45V 
- 
- 
2 
IlA 


Output Low Voltage during Verify 
VOL 
IOL = 2.ImA 
- 
- 
0.45 
V 


Output High Voltage during Verify 
VOH 
IOH = -4001lA 
2.4 
- 
- 
V 


VCC Current (Active) 
Icc 
- 
- 
30 
mA 


Input Low Level 
VlL 
-0.1'5 
- 
0.8 
V 


Input High Level 
VIH 
2.2 
- 
VCc+O.s*6 
V 


Vpp Supply Curren t 
Ipp 
CE = PGM=VlL 
- 
- 
40 
mA 


Notes) 
'1. 
VCC must be applied before 
Vpp and removed after 
Vpp. 
'2. 
Vpp must not exceed 13V including overshoot. 


'3. 
An influence may be had upon device reliability if the device is installed or removed while Vpp=12.5V. 


'4. 
Do not alter Vpp either 
VlL to 12.5Vor 
12.5V to VlL when CE = Low. 


'5. 
-O.6V for pulse width;£ 
20ns 
*6. 
If VIH is over the specified maximum value, programming operation cannot be guaranteed . 


• 
AC PROGRAMMING 
CHARACTERISTICS 


(Ta=25°C 
±5°C, 
Vcc=6V 
±O.25V, 
Vpp=12.5V 
±O.3V) 


Parameter 
Symbol 
Test Conditions 
min. 
typo 
max. 
Unit 


Address Setup Time 
tAS 
2 
- 
- 
IlS 


OE Setup Time 
tOES 
2 
- 
- 
IlS 


Data Setup Time 
tDS 
2 
- 
- 
IlS 
-/ 
:ress Hold Time 
tAH 
0 
- 
- 
IlS 


Data Hold Time 
tDH 
2 
- 
- 
IlS 


OE to Output Float Delay 
tDF'1 
0 
- 
130 
ns 


Vpp Setup Time 
tvps 
2 
- 
- 
IlS 


VCC Setup Time 
tvcs 
2 
- 
- 
IlS 


PGM Pulse Width during Initial Programming 
tpw 
0.19 
0.2 
0.21 
ms 


PGM Pulse Width during OverprQgramming 
topw'2 
0.19 
- 
5.25 
ms 


CE Setup Time 
tCEs 
2 
- 
- 
IlS 


Data Valid from OE 
tOE 
0 
- 
150 
ns 


Notes) 
*1. 
tDF is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
'2. 
Refer to the programming flowchart for topw- 
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• 
SWITCHING 
CHARACTERISTICS 


Input Pulse Levels: 
Input Rise and Fall Time: 
Reference Levels for Measurement 
Timing: 


Vpp 


Vpp 


Vcc 


Vcc+l 


Vcc 
Yocc 


0.45V to 2.4V 
~ 20ns 
Inputs;0.8V 
and 2.0V 
Outputs; 0.8V and 2.0V 
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• 
FAST 
HIGH-RELIABILITY 
PAGE 
PROGRAMMING 


This device can be applied 
the Fast High-Reliability 
Page Programming 
algorithm 
shown in following 
flowchart. 
This algorithm 
allows to obtain faster programming 
time without 
any voltage stress to the device nor 
deterioration 
in reliability of programmed data. 
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Parameter 
Symbol 
Test Conditions 
min. 
typo 
max. 
Unit 


Input 
Leakage 
Current 
ILl 
Vi"; 
6.25V/0.45V 
- 
- 
2 
/AA 


Output 
Low Voltage 
during 
Verify 
VOL 
IOL - 2.lmA 
- 
- 
0.45 
V 


Output 
High Voltage 
during 
Verify 
VOH 
IOH;-400!'A 
2.4 
- 
- 
V 


VCC Current 
(Active) 
Icc 
- 
- 
30 
mA 


Input 
Low Level 
VIL 
-o.los 
- 
0.8 
V 


Input 
High Level 
V1H 
2.2 
- 
Va;+OS06 
V 


Vpp Supply 
Current 
Ipp 
CE-OE-V/H. 
PGM- VIL 
- 
- 
50 
mA 


Notes) 
*1. 
Vcc must 
be applied 
before 
Vpp and removed 
after 
Vpp. 
*2. 
Vpp must 
not exceed 
13V including 
overshoot. 


*3. 
An influence 
may be had upon 
device 
reliability 
if the device 
is installed 
or removed 
while 
Vpp;12.5V. 


°4. 
Do not alter 
Vpp either 
VIL to l2.5V 
or 12.SV 
to VIL when 
Cl:>Low. 


*5. 
-o.6V 
for pulse 
width 
~ 20ns. 
*6. 
If VIH is over the specified 
maximum 
value, 
programming 
operation 
cannot 
be guaranteed 
. 


• 
AC PROGRAMMING 
CHARACTERISTICS 
(High Performance Page Programming) 


(Ta=25°C 
±5°C, 
Vcc=6V 
±O.25V, 
Vpp=12.5V 
±O.3V) 


Parameter 
Symbol 
Test Conditions 
min. 
typo 
max. 
Unit 


Address 
Setup 
Time 
IAS 
2 
- 
- 
/AS 


OE Setup 
Time 
tOES 
2 
- 
- 
p.s 


Data 
Setup 
Time 
tDS 
2 
- 
- 
/AS 


Adress 
Hold 
Time 
tAH 
0 
- 
- 
/AS 


tAHL 
2 
- 
- 
/AS 


Data 
Hold 
Time 
tDH 
2 
- 
- 
p.s 


OE to Output 
Float 
Delay 
tDFOt 
0 
- 
130 
ns 


Vpp Setup 
Time 
tvps 
2 
- 
- 
p.s 


VCC Setup 
Time 
tvcs 
2 
- 
- 
!'s 


PGM Pulse Width 
during 
Initial 
Programming 
tpw 
0.19 
0.2 
0.21 
ms 


PGM Pulse Width 
during 
Overprogramming 
toPW02 
0.19 
- 
5.25 
ms 


CE Setup 
Time 
tCES 
2 
- 
- 
p.s 


Data 
Valid 
from 
OE 
tOE 
0 
- 
ISO 
ns 


OE Pulse Width 
during 
Data 
Latch 
tLW 
I 
- 
- 
p.s 


PGM Setup 
Time 
tPGMS 
2 
- 
- 
/AS 


CE Hold 
Time 
tCEH 
2 
- 
- 
/AS 


OE Hold 
Time 
tOEH 
2 
- 
- 
/AS 


Notes) 
*1. 
tDF is defined 
as the time 
at which 
the output 
achieves 
the open 
circuit 
condition 
and data 
is no longer 
driven. 
°2. 
Refer 
to the programming 
flowchart 
for toPW. 
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• 
SWITCHING 
CHARACTERISTICS 
• 
Test Condition 
Input Pulse Levels: 
0.45V to 2.4V 
Input 
Rise and Fall Time: 
~ 20ns 
Reference Levels for Measuring Timing: 
Inputs; 0.8V and 2.0V 


Outputs;0.8V 
and 2.0V 


• 
ERASE 
Erasure of HN27C301 G is performed 
by exposure 
to ultraviolet 
light 
of 2537 A and all the output 


data are changed to "1" 
after this erasure procedure. 
The minimum 
integrated 
dose (i.e. UV intensity 


x exposure time) for erasure is 15W • sec/cm2• 
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T.~25·C 
Vin=Vcc/Vss 
f~5MH. 


1.6 


1.4 
1I 


1.2 


~ 1.0I 
u 
0.8 
i 
Jl 


0.6 


Vcc=5.0V 


ViII = VCc!VS5 
f~5MH. 


10 


1 
3 
.§ 
1.0!0.5 
1 


0.2 


l.4 


1.3 
1 
'ii~ 
1.2 
3 


!J 
~ 


1.1 


.~ 
1.0 
""~ 
< 
0.9 


0.84.0 
4.5 


Vcc=5V 
Ta=2S'C 
- 
Vi" = VcclVss 


J 


----- / 


1.3 


1.2 
] 
1 1.1 
3 
!! 
~ 


1.0 


.~ 
0.9 
""~ 
< 
0.8 


Vcc=5.0V 


.---- 
-- 
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HN27C256FP 
Series 


The HN27C256FP 
is a 32768-word 
by 8-bit one time electrically 
pro- 
grammable ROM. 
Initially, 
all bits of the HN27C256FP are in the "1" 
State (Output 
High). 
Data is introduced 
by selectively 
programming 


"0" 
into the desired bit locations. 
This device is packaged in a 28 pin 
plastic flat package (SOP). Therefore, this device cannot be re·written. 


• 
Low Power Dissipation 
40mW/MHz 
max. (Active Mode) 
11O/-lWmax (Standby Mode) 
(FP-28DA) 
• 
Access Time 
250ns max. (HN27C256FP·25T)L-. 
-' 


300ns max. (HN27C256FP-30T). 
PIN ARRANGEMENT 
• 
Single Power Supply 
. . . . . . . . .. 
5V ± 5% 
• 
High Performance Programming 
.. 
Program Voltage: +12.5V DC 
• 
Static 
No Clocks Required 
• 
Inputs and Outputs TTL Compatible 
During 80th Read and Program 


Modes 


• 
Absolute Max. Rating of Vpp pin ... 
14.0V 
• 
Device Identifier 
Mode. . . . . . . . .. 
Manufacturer 
Code and 
Device Code 


A4-A9 
( 
( 


AI2-AI4) 
) 
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::----------: 
CE 
OE 
A9 
Vpp 
VCC 
I/O 


Mode 
(20) 
(22) 
(24) 
(I) 
(28) 
(II 
-13,15 
-19) 


Read 
V/L 
V/L 
X 
VCC 
VCC 
Dout 


Output Disable 
V/L 
V/H 
X 
VCC 
VCC 
High Z 


Standby 
V/H 
X 
X 
VCC 
VCC 
High Z 


High Performance Program 
V/L 
V/H 
X 
Vpp 
VCC 
Din 


Program Verify 
V/H 
V/L 
X 
Vpp 
VCC 
Dout 


Optional Verify 
V/L 
V/L 
X 
Vpp 
VCC 
Dout 


Program Inhibit 
V/H 
V/H 
X 
Vpp 
Vcc 
High Z 
Identifier 
V/L 
V/L 
VH·7. 
VCC 
VCC 
Code 


Notes) 
*1. 
X: Don't care. 
*2. 
VH: 12.0 ± 0.5V. 


• 
ABSOLUTE MAXIMUM 
RATINGS 


Item 
Symbol 
Value 
Unit 


Operating Temperature 
Range 
TOPT 
0 
to 
+70 
°c 


Storage Temperature 
Range 
Tstg 
-55 
to 
+125 
°c 


Storage Temperature 
Range Under Bias 
Tbios 
-10 
to 
+80 
°c 


All Input and Output 
Voltage °1 
V/N. VOUT 
-0.6°2 
to +7 
V 


Voltage on Pin 24 (A9)01 
V/D 
_0.6°2 
to 
+13.5 
V 


Vpp Voltage01 
Vpp 
-0.6 to 
+14 
V 


VCC Voltage01 
VCC 
-0.6 
to 
+7 
V 


Notes) 
*1. 
With respect to VSS. 


*2. 
-1.0V for pulse width ~ 50ns. 


• 
READ 
OPERATION 
• 
DC AND 
OPERATING 
CHARACTERISTICS 
(To =0 - +70°C, VCC = 5V ± 5%, Vpp = Vcc) 


Parameter 
Symbol 
Test Condition 
min 
typ 
max 
Unit 


Input Leakage Current 
ILl 
Vin = 5.25V 
- 
- 
2 
IlA 


Outpu t Leakage Curren t 
ILO 
Vout = 5.25V/0.45V 
- 
- 
2 
IlA 


Vpp Current 
IPPI 
Vpp= 5.5V 
- 
I 
20 
IlA 


ISBI 
CE = V/H 
- 
- 
1 
mA 
VCC Current (Standby) 


ISB2 
CE = VCC t 0.3V 
I 
20 
IlA 
- 


ICCI 
CE = V/L,!out 
= 0 mA 
- 
- 
30 
mA 


VCC Current (Active) 
ICC2 
f= 5 MHz,!out 
= 0 mA 
- 
- 
30 
mA 


ICC3 
f= I MHz, lout = 0 mA 
- 
- 
8 
mA 


V/L 
-0.301 
- 
0.8 
V 
Input Voltage 


V/H 
VCc+1.002 
2.2 
- 
V 


VOL 
IOL = 2.1 mA 
- 
- 
0.45 
V 


Output Voltage 
VOHI 
IOH= -4001lA 
2.4 
- 
- 
V 


VOH2 
IOH= -IOOIlA 
VCC-°.7 
- 
- 
V 


Notes) 
*1. 
-1.0V for pulse width ~ 50ns. 
*2. 
VCC + 1.5V for pulse width ~ 20ns. If VIH is over the specified maximum value, read operation cannot be 
guaranteed. 
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HN27C256FP-25T 
HN27C256FP-30T 
Parameter 
Symbol 
Test Condition 
Unit 
Min 
Max 
Min 
Max 


Address to Output Delay 
tACC 
CE = OE = VJL 
- 
250 
- 
300 
ns 


CE to Output Delay 
tCE 
OE = VJL 
- 
250 
- 
300 
ns 


OE tQ Output Delay 
tOE 
CE = VJL 
10 
100 
0 
120 
ns 


OE High to Output Float 
tDF 
CE = VJL 
0 
60 
0 
105 
ns 


Address to Output Hold 
tOH 
CE = OE = VJL 
0 
- 
0 
- 
ns 


• SWITCHING 
CHARACTERISTICS 


TEST CONDITION 


Input pulse levels: 
0.45V to 2.4V 


Input rise and fall time: 
S20ns 


Output load: 
1 TTL Gate +100pF 


Referencelevel for measuring timing: O.8V and 2.0V 


Parameter 
Symbol 
Test Condition 
min. 
typo 
max. 
Unit. 


Input Capacitance 
Ci" 
Vi" = 0 V 
- 
4 
6 
pF 
Output Capacitance 
Cout 
Vout - 0 V 
- 
8 
12 
pF 
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• HIGH 
PERFORMANCE 
PROGRAMMING 


This device can be applied the High Performance Programming algorithm shown in following 
flowchart. 
This 
algorithm 
allows to obtain faster programming time without 
any voltage stressto the device nor deterioration 
in 


reliability 
of programmed data. 


• HIGH PERFORMANCE 
PROGRAMMING 
OPERATION 
• 
DC PROGRAMMING 
CHARACTERISTICS 
(Ta=2SoC±SoC, 
VCC=6V±Q,2SV, 
Vpp=12.SV±0.3V) 


Parameter 
Symbol 
Test Condition 
min. 
typo 
max. 
Unit 


Input 
Leakage 
Current 
ILl 
V/N= 
6.25V/0.45V 
- 
- 
2 
IJA 


Output 
Low Voltage 
During 
Verify 
VOL 
IOL 
= 2.1 mA 
- 
- 
0.45 
V 


Output 
High Voltage 
During 
Verify 
VOH 
IOH 
= -400 
IJA 
2.4 
- 
- 
V 


VCC Current 
(Active) 
Icc2 
- 
- 
30 
mA 


Inpu t Low Level 
VlL 
-0.1*5 
- 
0.8 
V 


Inpu tHigh 
Level 
V/H 
2.2 
- 
VCC+OS*6 
V 


VI'/' 
Supply 
Current 
11'P2 
CE = VlL 
- 
- 
40 
mA 


Notes) 
*1. 
VCC must 
be applied 
before 
Vpp and removed 
after 
Vpp. 
*2. 
Vpp must 
not exceed 
14V including 
overshoot. 


*3. 
An influence 
may be had upon 
device 
reliability 
if the device~stalled 
or removed 
while 
Vpp = l2.5V. 


*4. 
D0 not 
alter 
Vpp either 
V/L 
to l2.5V 
or l2.5V 
to V/L when 
CE 
= Low. 


*5. 
-o.6V 
for pulse 
width 
~ 20ns. 
*6. 
If VIH is over the specified 
maximum 
value, 
programming 
operation 
cannot 
be guaranteed. 
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Parameter 
Symbol 
Test Condition 
min. 
typo 
max. 
Unit 


Address Setup Time 
tAS 
2 
- 
- 
/,s 


OE Setup Time 
tOES 
2 
- 
- 
/,s 


Data Setup Time 
tDS 
2 
- 
- 
/,s 


Address Hold Time 
tAH 
0 
- 
- 
/,S 


Data Hold Time 
tDH 
2 
- 
- 
/,S 


OE to Output Float Delay 
tDF91 
0 
- 
130 
ns 


Vpp Setup Time 
tvps 
2 
- 
- 
/,S 


Vcc Setup Time 
tves 
2 
- 
- 
/,S 


CE Pulse Width During Initial Programming 
tpw 
0.95 
1.0 
1.05 
ms 


CE Pulse Width During Overprogramming 
tOpw92 
2.85 
- 
78.75 
ms 
Data Valid from OE 
tOE 
0 
- 
150 
ns 


Notes: 
9I. 
tDF is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
92. 
Refer to the programming flowchart for toPW . 


• SWITCHING 
CHARACTERISTICS 


TEST CONDITION 
Input pulse level: 0.45V to 2.4V 
Input rise and fall time: 
S-20ns 


Reference level for 


measuring timing: O.8V and 2V 


~ 


A. 
I/O, 
I/0, 
I/0, 
I/O, 
I/0, 
I/O, 
I/0, 
I/O. 
Hex 
Identifier 
(10) 
(19) 
(18) 
(17) 
(16) 
(15) 
(13) 
(12) 
(II) 
Data 
Manufacturer Code 
V/L 
0 
0 
0 
0 
0 
I 
I 
1 
07 
Device Code 
V/H 
1 
0 
I 
1 
0 
0 
0 
0 
BO 
Notes: 
I. 
A. = 12.0V ± 0.5V. 
2. A, - A. >AI. - A,.> cr, OE= 
VIL· 


• 
RECOMMENDED 
SCREENING 
CONDITIONS 


Before mounting, 
please make the 
screening (baking 


without 
bias) shown in the right. 


Program and 
Verify 
by Programmer 


Baking at 
125 to 150°C 
for 24 to 48 hrs 


Recommended 
Screening conditions 
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1.6 


] 
1.4 
I 1.2 
z 


u~ 
! 


1.0 


u~ 
~ 
<J> 


0.64 


Ta=25't 


1.6 


Vin=Vcc/Vss 
f=5MHz 
] 


1.4 


1 
z 
1.2 


.!! 


0 
1.0 
~ 
u~ 
~ 0.8 
<J> 


0.6 


Vcc=5V 
Vin=Vcc!Vss 
f=5MHz 


- 
- 


] 


Ta=25't 


~ 
1.4 


:;~ 
~ 
1.2 


~ 
b 
~ 


1.0 


'" 
~ 
0.8 
~ 


0.6 


1.6 


] 
~ 
1.4 


:;z 
~ 
1.2 
~ 
b 
~ 


1.0 


'"~ 0.8 
:g 
'" 


0.6 


I 
Vcc=5.0V 
- 


l---- 
- 


] 


1.8 


1 
1.4 
~. 
.::: 
~ 


1.0 


8~ 
.0" 
0.6 
·0. 
Vi 


0.2 


STANDBY 
CURRENT 
YS. 
AMBIENT 
TEMPERATURE 


1.6 
Vcc=5V 
CE=5V 
Dark Condition 


... 
~ 
~ 
I---. I--- 


] 
1.4 


~:;z 


~8 
1.0 


~ 
.0 
~ 
Vi 
0.8 


• 
See Supply Voltage vs. Active Frequency, 
Access Time vs. Lord Capacitance, and Output Current vs. Output 
Voltage (1), (2) of HN27C256G. 
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HN27512P 
Series 


65536-word 
x 8-bit One Time 
Electrically 
Programmable 
Read Only 
Memory 


The HN27512P is a 65536-word 
by 8-bit one time electrically 
pro- 
grammable ROM. 
Initially, 
all bits of the HN27512P are in the "1" 
state (Output 
High). 
Data is introduced 
by selectively programming 
"0" 
into 
the desired bit locations. 
This device is packaged in a 28 
pin, plastic dual in-line package. 
Therefore, 
this device can not be 


re-written. 


• 
FEATURES 
• 
Single Power Supply 
+5V ±5% 
• 
High Performance 
Program Voltage: +12.5V 
D.C. 


Programming 
High Performance Programming 
Operations 
• 
Static 
No Clocks Required 
• 
Inputs 
and 
Outputs 
TTL 
Compatible 
During 
Both 
Read and 
Program Modes 
• 
Access Time 
. 


• 
Absolute Max. Rating of 
Vpp pin 
• 
Low Stand·by Current ...•... 


• 
Device Identifier 
Mode 
. 


250/300ns (max.l 
14.0V (max.' 


40mA (max.) 
Manufacturer 
Code and Device 
Code. 


Ordering Information 


Part No. 


HN27512P-25 


HN27512p·30 


250ns 


300ns 


600 mil 
28-pin Plastic DIP 


A5-A9 
( 


All-AI5 
) 


Pin Description 


Pin Name 


AO - AI5 


1/00 
- 
1/07 


CE 


OE 


VCC 


Address 


Input/Output 


Chip Enable 


Output Enable 


Power Supply 


Programming Power 
Supply 
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~ 


CE 
OE/Vpp 
A9 
VCC 
I/O 
Mode 
(20) 
(22) 
(24) 
(28) 
(I I - 13, 15 - 19) 


Read 
V/L 
V/L 
X 
VCC 
Dout 


Output Disable 
V/L 
V/H 
X 
VCC 
High Z 
Standby 
V/H 
X 
X 
VCC 
High Z 
High Performance Program 
V/L 
Vpp 
X 
VCC 
Din 
Program Verify 
V/L 
V/L 
X 
VCC 
Dout 
Program Inhibit 
V/H 
Vpp 
X 
VCC 
HighZ 
Identifier 
V/L 
V/L 
VH"2 
VCC 
Code 


Notes) 
*1. 
X 
... 
Don't care 
*2. VB: 12.0V t 0.5V. 


Item 
Symbol 
Value 
Unit 


Operating Temperature 
Range 
Topr 
o to +70 
·C 


Storage Temperature 
Range 
T.t, 
-55to+125 
·C 


Storage Temperature 
Range Under Bias 
Tbia• 
-10 to +80 
·C 


All Input and Output Voltages"l 
VIN• 
Vout 
-0.6 to +7 
V 


Voltage on Pin 24 (A9)"1 
V/D 
-0.6 to +13.5 
V 


Vpp Voltage*l 
Vpp 
-0.6 
to +14.0 
V 


Vcc Voltage"l 
Vcc 
-0.6 
to +7 
V 


• 
READ OPERATION 


• 
DC AND 
OPERATING 
CHARACTERISTICS 
(Ta = 0 to +70·C, 
Vcc = SV ±S%) 


Parameter 
Symbol 
Test Conditions 
min. 
typo 
max. 
Unit 


Input Leakage Current 
hI 
V/N = 5.25V 
- 
- 
10 
IlA 


Output Leakage Current 
ho 
Vout = 5.25/0.45V 
- 
- 
10 
IlA 


VCC Current (Standby) 
ICC1 
CE = VlH 
- 
- 
40 
mA 


VCC Current (Active) 
ICC2 
CE = OE = V/L 
- 
45 
100 
mA 


Input Low voltage 
VIL 
--(J.1 "I 
- 
0.8 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC+1*2 
V 


Output Low Voltage 
VOL 
IOL 
= 2.lmA 
- 
- 
0.45 
V 


Output High Voltage 
VOH 
IOH= 
-4001lA 
2.4 
- 
- 
V 


Notes) 
*1. 
-0.6V for pulse width ~ 20ns 


*2. VCC + 1.5V for pulse width ~ 20ns. If VIH is over the specified maximum value, read operation cannot be 
guaranteed. 
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HN27512P·25 
HN27512p·30 
Parameter 
Symbol 
Test Condition 
Unit 
min. 
max. 
min. 
max. 


Addres to Output Delay 
IACC 
CE; 
OE; 
V/L 
- 
250 
- 
300 
ns 


CE to Output Delay 
ICE 
OE; 
V/L 
- 
250 
- 
300 
ns 


OE to Output Delay 
IDE 
CE; 
V/L 
- 
100 
- 
120 
ns 


OE High Output Float 
IDF 
CE; 
VIL 
0 
60 
0 
105 
ns 


Address to Output Hold 
IOH 
CE; 
OE; 
V/L 
0 
- 
0 
- 
ns 


• 
SWITCHING 
CHARACTERISTICS 


Test Condition 
Input PuIse Level s: 
Input 
Rise and Fall Time: 


Output 
Load: 


Reference Level for Measuring Timing: 


0.45V to 2.4V 


~ 20ns 
1 TTL 
Gate +100pF 
0.8V and 2.0V 


Parameter 
Symbol 
Test Condition 
min. 
typo 
max. 
Unit 


Input Capacitance 
I except OE/Vpp 
Cin1 
Vin; 
OV 
- 
4 
6 
pF 


IOE/VppPin 
Cin2 
Vin; 
OV 
- 
12 
20 
pF 


Output Capacitance 
Cout 
Vout ; OV 
- 
8 
12 
pF 


~HITACHI 


Hitachi America, Ltd.• Hitachi Plaza· 2000 Sierra Point Pkwy.• 
Brisbane, CA 94005·1819• (415)589-8300 
1217 


This device can be applied 
the High Performance 
Programming 
algorithm 
show in following 
flowchart. 
This 


algorithm 
allows to obtain 
faster programming 
time without 
any voltage stress to the device nor deterioration 


in reliability 
of programmed 
data. 


SET PROG./VERIFY 
MODE 
Vpp= 
12.5±0.3V, 
VCC=6.0±0.25V 


SET READ 
MODE 
Vcc=5.0V±0.25V 
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• 
HIGH 
PERFORMANCE 
PROGRAMMING 
OPERATION 


• 
DC PROGRAMMING 
CHARACTERISTICS 
(To = 25°C ±SOC, VCC = 6V ±O.2SV, 
Vpp = 12.SV±O.3V) 


Parameter 
Symbol 
Test Condition 
min. 
typo 
max. 
Unit 


Input 
Leakage 
Current 
ILl 
V/N = 5.25V 
- 
- 
10 
/lA 


Output 
Low Voltage 
During 
Verify 
VOL 
IOL = 2.lmA 
- 
- 
0.45 
V 


Output 
High Voltage 
During 
Verify 
VOH 
IOH = -4001lA 
2.4 
- 
- 
V 


Vee 
Current 
(Active) 
Iee2 
- 
- 
100 
mA 


Input 
Low Level 
VIL 
-0.1°1 
- 
0.8 
V 


Input 
High Level 
V/H 
2.0 
- 
VCC+0.5*2 
V 


Vpp Supply 
Current 
Ipp 
CE = VIL 
- 
- 
50 
mA 


Notes) 
°1. 
-0.6V 
for pulse 
width 
~ 20ns 
°2. 
If VIH is over the specified 
maximum 
value, 
programming 
operation 
cannot 
be guaranteed. 


Parameter 
Symbol 
Test Condition 
min. 
typo 
max. 
Unit 


Address 
Setup 
Time 
IAS 
2 
- 
- 
liS 


Data 
Setup 
Time 
IDS 
2 
- 
- 
liS 


Address 
Hold 
Time 
IAH 
0 
- 
- 
liS 


Data Hold 
Time 
IDH 
2 
- 
- 
liS 


OE Hold 
Time 
IOEH 
2 
- 
- 
liS 


CE to Output 
Float 
Delay 
tDFOI 
0 
- 
130 
ns 


Vpp Setup 
Time 
rvps 
2 
- 
- 
liS 


Vee 
Setup 
Time 
Ives 
2 
- 
- 
liS 


CE Pulse Width 
During 
Initial 
Programming 
IpW 
0.95 
1.0 
1.05 
ms 


CE Pulse Width 
During 
Over programming 
tOPW*2 
2.85 
- 
78.75 
ms 


Vpp Recovery 
Time 
IVR 
2 
- 
- 
liS 


Data 
Valid 
from 
CE 
tDV 
- 
- 
I 
/lS 


Notes: 
01. 
tDF is de fined 
as the time 
at which 
the output 
achieves 
the open 
circuit 
condition 
and data 
is no longer 
driven. 
°2. 
Refer 
to the programming 
flowchart 
for toPW. 
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• 
SWITCHING 
CHARACTERISTICS 


Test Condition 
Input Pulse Level: 0.45V to 2.4V 
Input Rise and Fall Time: 
::;:20ns 
Reference Level for Measuring Timing: 
0.8V and 2.0V 


Program 


tAS 


Data In Stable 


tDS 
tDH 
tDY 
tDF 


Vpp 


tyPS 


Vee+1 


vec 


tYes 
tOEH 


• 
DEVICE 
IDENTIFIER 
MODE 


The Identifier 
Mode allows the reading out of binary codes that identify 
manufacturer and type of device, 
from outputs of OTPROM. 
By this Mode, the device will be automatically 
matched its own corresponding 


programming algorithm, using programming equipment. 


~ 


A. 
0, 
1/06 
1/05 
1/04 
1/03 
1/02 
1/01 
1/00 
Hex 


Identifier 
(10) 
(19) 
(18) 
(17) 
(16) 
(15) 
(13) 
(12) 
(II) 
Data 
Manufacturer 
Code 
V/L 
0 
0 
0 
0 
0 
1 
1 
1 
07 


Device 
Code 
VlL 
1 
0 
0 
1 
0 
1 
0 
0 
94 
Notes: 
1. A.; 12.0V ± 0.5V. 
_ 


2. A, - A., A,. :...Au, cr, OE/Vpp; 
VlL . 


• 
RECOMMENDED 
SCREENING 
CONDITIONS 
Before mounting, 
please make the 
screening (baking 


without 
bias) shown in the right. 
Program 
and 
Verify 
by Programmer 


Baking at 
12S to ISO·C 
for 24 to 48 hrs 


Mounting 


Recommended 
Screening conditions 
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100 


80 


« 
E 


.!! 
60 


~ 
0 
40 
1 
J; 


20 


100 


80 


« 
.§ 


.!! 
60 


~ 
0 
40 


1 


20 


To 
25"C 


lcn 


Ie<> 


Vcc=5V 


-- 
~c, ---- 


/"" 


250 


200 
~ 
~ 
~ 


ISO 


;:: 


e.< 
100 


j 
::! 


50 


Vcc=5V- 
---- 
-- 
~ 
• 
ISO 
t! 
:~ 
« 
100 
~ 
'li« 
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HN27C1 01 P/FP Series 


The 
HN27C101P 
Series 
are 
131072-word 
x 8-bit 
one 
time 


electrically 
programmable 
ROM. 
Initially, 
all 
bits 
of 
the 


HN27C101P/FP 
series are in the "1" 
state 
(output 
high). 


Data 
is introduced 
by selectively 
programming 
"0" 
into 
the 


desired 
bit 
locations. 
This 
device 
is packaged 
in 32 
pin plastic 


package, 
therefore, 
this device 
cannot 
be rewritten 
and erased. 


Features 


• 
High speed 
Access 
time 
200/250 
ns (max.) 


• 
Low power 
dissipation 
Active 
mode 
50 mW/MHz 
(typ.) 


Standby 
mode 
5 /lW 
(typ.) 


• 
Single 
power 
supply 
+5 V ± 5% 


• 
Fast 
High-Reliability 
program 
mode 
and 
Fast 
High-Reliability 


page program 
mode 


Program 
voltage: 
+12.5V 
DC 


Fast 
High-Reliability 
programming 
available 


• 
Static 
No clocks 
required 


• 
Inputs 
and 
outputs 
TTL 
compatible 
during 
both 
read 
and 


program 
modes 


Ordering Information 


Type No. 


HN27CIOIP-20 
HN27CIOIP-25 


HN27CIOIFP-20 
HN27CIOIFP-25 


Package 


600 mil 32 pin 
Plastic DIP 


32 pin 
Plastic SOP 


200ns 
250ns 


200ns 
250ns 


AO - AI6 


1/00 - 1/07 


CE 


OE 


Address 


Input/Output 


Chip enable 


Output enable 


Vcc 
Power supply 


Vpp 
Programming power supply 


VSS 
Ground 


PGM 
Programming enable 


NC 
No connection 


(Dp·32) 


HN27CIOIFP 
Series 


vee 


PGM 


NC 


Al4 


A13 


A8 


A9 


All 


OE 


AID 


CE 


1/07 


1/06 


1/05 


1/04 


1/03 
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1024xl024 


MEMORY 
MATRIX 


I 


1,'0; 


~: 
HIGH THRESHOLD 
INVERTER 


• Mode Selection 


CE 
OE 
PGM 
Vpp 
Mode 
(22) 
(24) 
(31) 
(1) 


Read 
VIL 
VIL 
VIH 
VCC 


Output Disable 
VIL 
VIH 
VIH 
VCC 


Standby 
VIH 
X 
X 
Vcc 


Program 
VIL 
VIH 
VIL 
Vpp 


Program Verify 
VIL 
VIL 
VIH 
Vpp 


Page Data Latch 
VIH 
VIL 
VIH 
Vpp 


Page Program 
VIH 
VIH 
VIL 
Vpp 


VIL 
VIL 
VIL 


Program Inhibit 
VIL 
VIH 
VIH 
Vpp 
VIH 
VIL 
VIL 


VIH 
VIH 
VIH 


Note) 
1. X: Don't care. 


Absolute 
Maximum 
Ratings 


Item 
Symbol 
Value 


All input and output 
voltages· t 
Vin, Vout 
-0.6.2 
to +7.0 


Vpp voltage·' 
Vpp 
-0.6 to +13.0 


VCC voltage·' 
Vcc 
-0.6 to +7.0 


Operating temperature 
range 
Topr 
o to +70 


Storage temperature 
range 
Tstg 
-55 
to +125 


Storage temperature 
range under bias 
Tbias 
-10 
to +80 


Notes) 
.1. With respect to VSS 
*2. -1.0 V for pulse width ~ SO ns 


Vcc 
I/O 


(32) 
(13 - 
15, 17 - 
21) 


VCC 
Dout 


VCC 
High Z 


VCC 
High Z 


VCC 
Din 


VCC 
Dout 


VCC 
Din 


VCC 
High Z 


VCC 
High Z 
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Read Operation 
DC Characteristics 
(Ta = 0 to +70°C, Vcc = 5V ± 5%, Vpp = Vcd 


Parameter 
Symbol 
Min 
Typ 
Max 


ILl 


ILO 


IpPI 


ISB1 


ISB2 


ICCI 


ICC2 


ICC3 


Input Low Voltage 
VIL 


Input High Voltage 
VIH 


Output Low Voltage 
VOL 


Output High Voltage 
VOH 


Notes) 
01. 
-1.0V for pulse width ~ SOns. 


°2. 
VCC + 1.5V for pulse width ~ 20ns. If VIH is over the specified maximum value, read operation cannot be 
guaranteed. 


AC Characteristics 
(Ta = 0 to +70°C, Vcc = 5V ± 5%, Vpp = Vcd 


HN27CIOI-20 
HN27CIOI-25 
Min 
Max 
Min 
Max 


Input Leakage Current 


Output Leakage Current 


Vpp Current 


Address to output delay 
tACC 
200 
250 


CE to output delay 
tCE 
200 
250 


OE to output delay 
tOE 
10 
70 
10 
100 


OE high to output float 
tDF 
0 
50 
0 
60 


Address to output hold 
tOH 
0 
0 


Vin = 5.25V 


Vout = 5.25V/0.45V 


Vpp = 5.5V 


"CE = VIH 
cr = VCC ±O.3V 


CE = VlL. lout = OmA 


f = 5 MHz, lout = OmA 


f = I MHz. lout = OmA 


IOL = 2.1mA 


IOH = -400"A 


Unit 
Test conditions 


ns 
CE=OE=VIL 


ns 
OE=VIL 


ns 
CE=VIL 


ns 
CE=VIL 


ns 
CE=OE=VIL 


Switching 
Characteristics 


Test Condition 
Input 
Pulse Levels: 
0.45V 
to 2.4V 


Input 
Rise and 
Fall Time: 
~ 20ns 


Output 
Load: 
1 TTL Gate + 100pF 


Reference 
Levels for Measuring 
Timing: 
Inputs; 
0.8V and 2.0V 


Outputs;0.8V 
and 2.0V 


Symbol 


Cln 


COU1 


Inpu t Capacitance 


Output Capacitance 


Unit 


pF 


pF 


Test Conditions 


V1n= OV 


Voul = OV 
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Fast High-Reliability Programming 
This device can be applied the Fast High-Reliability 
Pro- 


gramming 
algorithm 
shown 
in 
following 
flowchart. 


This algorithm allows to obtain faster programming time 
without 
any voltage stress to the device nor deteriora- 
tion in reliability 
of programmed data. 


DC Programming Characteristics (Ta = 2SoC ± SoC, Vee = 6V ± D.2SV, Vpp = 12.5 V ± D.3V) 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 
Test Conditions 


Input Leakage Current 
ILl 
2 
,.A 
Vin = 6.2SV/0.4SV 


Output Low Voltage during Verify 
VOL 
O.4S 
V 
IoL = 2.1mA 


Output High Voltage during Verify 
VOH 
2.4 
V 
10H = -400,.A 


Vee Current (Active) 
Ice 
30 
mA 


Input Low Level 
VIL 
-o.I·s 
0.8 
V 


Input High Level 
VIR 
2.2 
Vee+0.S·6 
V 


Vpp Supply Current 
Ipp 
40 
mA 
CE = PGM = VIL 


Notes)·1. 
Vee must be applied before Vpp and removed after Vpp. 
• 2. Vpp must not exceed 13V including overshoot. 
·3. 
An influence may be had upon device reliability if the device is installed or removed while Vpp=12.SV. 


·4. 
Do not alter Vpp either VIL to 12.SV or 12.SV to VIL when CE = Low. 
·S. 
-o.6V for pulse width ~ 20ns. 
·6. 
If VIH is over the specified maximum value, programming operation cannot be guaranteed. 
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AC Programming 
Characteristics 


(Ta = 25°C ± 5°C, Vee = 6V ± 0.2SV, Vpp = 12.SV ±0.3V) 


Parameter 
Symbol 
Min 


Address Setup Time 
tAS 
2 


OE Setup Time 
tOES 
2 


Data Setup Time 
tos 
2 


Address Hold Time 
tAH 
0 


Data Hold Time 
tOH 
2 


OE to Output Float Delay 
tOF"l 
0 


VPP Setup Time 
tvps 
2 


Vee Setup Time 
tves 
2 


PGM Pulse Width during Initial Programming 
tpw 
0.19 


PGM Pulse Width during Over Programming 
tOPW"2 
0.19 


CE Setup Time 
teEs 
2 


Data Valid from OE 
tOE 
0 


IlS 


IlS 


IlS 


130 
ns 


IlS 


150 
ns 


Notes) 
"\. 
tDF is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 


*2. 
Refer to the programming flowchart for topw- 


Switching 
Characteristics 


Input Pulse Levels: 
Input 
Rise and Fall Time: 


Reference Levels for Measurement 
Timing: 


0.45V to 2.4V 
$;; 20ns 


Inputs; 0.8V and 2.0V 
Outputs; 
0.8V and 2.0V 


V"" 


V"" 
Vee 


Vee+l 


Vee "vee 
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Fast High-Reliability Page Programming 
This device can be applied 
the Fast High.Reliability 
Page Programming 
algorithm 
shown in following 
flowchart. 
This algorithm 
allows to obtain faster programming 
time without 
any voltage stress to the device nor 
deterioration 
in reliability of programmed data. 


Fast High-Reliability Page Programming Flowchart 


DC Programming Characteristics(Ta 
= 25°C ± SaC, Vee = 6V± O.2SV, Vpp = l2.5V± 
O.3V) 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 
Test Conditions 


Input Leakage Current 
ILl 
2 
jJA 
Vin = 6.25V/0.45V 


Output Low Voltage during Verify 
VOL 
0.45 
VIOL 
= 2.lmA 


Output High Voltage during Verify 
VOH 
2.4 
V 
IoH = -400jJA 


Vee Current (Active) 
Ice 
30 
mA 


Input Low Level 
VIL 
-0.1'5 
0.8 
V 


Input High Level 
VIH 
2.2 
Vee+0.5·6 
V 


VPP Supply Current 
Ipp 
50 
mA 
CE = OE = VIH, PGM = VIL 


Notes) 
'1. 
Vee 
must be applied before Vpp and removed after Vpp. 


*2. 
Vpp must not exceed 13V including overshoot. 


'3. 
An influence may be had upon device reliability if the device is installed or removed whilc Vpp=12.5V. 


'4. 
Do not alter Vpp either VIL to 12.5V or 12.5V to V1L when CE=Low. 
'5. 
-o.6V for pulse width ~ 2005 


*6. 
If VIH is over the specified maximum value, programming operation cannot be guaranteed. 
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HN27C101P/FP 
Series--------------------------------- 


AC Programming 
Characteristics 


(Ta = 25°C ± 5°C, Vcc = 6V ± O.2SV, Vpp = 12.5V ± O.3V) 


Parameter 
Symbol 
Min 


tAS 
2 
/,S 


tOES 
2 
/,S 


tDS 
2 
/,S 


tAH 
0 
/,S 


tAHL 
2 
/,S 


Data Hold Time 
tDH 
2 
/,S 


OE: to Output Float Delay 
tDF*l 
0 
130 
ns 


Vpp Setup Time 
tvps 
2 
/,S 


VCC Setup Time 
tvcs 
2 
/,S 


PGM Pulse Width during Initial Programming 
tpw 
0.19 
0.20 
0.21 
ms 


PGM Pulse Width during Over Programming 
topw*2 
0.19 
5.25 
ms 


CE Setup Time 
tCES 
2 
/,S 


Data Valid from 6E 
tOE 
0 
150 
ns 
6E Pulse Width during Data Latch 
tLW 
1 
/,S 


PGM Setup Time 
tPGMS 
2 
/,S 


CE Hold Time 
tCEH 
2 
/,S 


(ffi Hold Time 
tOEH 
2 
/,S 


Notes) 
*1. 
tDF is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 


*2. 
Refer to the programming flowchart for topw- 


Switching 
Characteristics 
Test Condition 
Input Pulse Levels: 
0.45V to 2.4V 
Input Rise and Fall Time: 
:s;: 20ns 
Reference Levels for Measuring Timing: 
Inputs; O.8V and 2.0V 
Outputs; O.8V and 2.0V 


Address Setup Time 


<IT Setup Time 


Data Setup Time 


Recommended 
Screening 
Conditions 
Before 
mounting, 
please make 
the 
screening (baking 
without 
bias) shown in the right. 


Program 
and 
Verify 
by Programmer 


Baking at 
125 to 150·C 
for 24 to 48 hrs 
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HN27C30 
1P/FP Series 


The 
HN27C301P 
Series are 131072-word 
x 8-bit 
one time 


electrically 
programmable 
ROM. 
Initially, 
all 
bits 
of 
the 


HN27C301 P/FP Series are in the "1" state (output 
high). 


Data is introduced 
by selectively 
programming 
"0" 
into 
the 


desired bit 
location. 
This device is packaged in 32 pin plastic 


package, therefore, this device cannot be rewritten 
and erased. 


Features 


• 
High speed 
Access time 
200/250 
ns (max.) 


• 
low 
power dissipation 


Active mode 50 mW/MHz (typ.) 
Standby mode 5 J.LW (typ.) 


• 
Single power supply +5V ± 5% 
• 
Fast High-Reliability 
program mode and Fast High-Reliability 


page program mode 


Program voltage: +12.5V DC 
Fast High-Reliability 
programming available 


• 
Static 
No clocks required 


• 
Inputs 
and output 
TTl 
compatible 
during 
both 
read and 


program modes. 


Ordering Information 


Type No. 


HN27C301P-20 
HN27C30 IP-25 


HN27C301FP-20 
HN27C301FP-25 


Access time 


200ns 
250ns 


200ns 
250ns 


Package 


600 mil 32 pin 
Plastic DIP 


32 pin 
Plastic SOP 


Pin Description 


Pin name 


AO - AI6 
Address 


1/00 
- 1/07 
Input/Output 
CE 
Chip enable 


BE 
Output enable 


Vcc 
Power supply 


Vpp 
Programming power supply 


VSS 
Ground 


PGM 
Programming enable 


NC 
No connection 


(DP-32) 


HN27C30lFP 
Series 


(FP-32D) 


Pin Arrangement 


v" 
Vee 


DE 
PGM 


A1S 
NC 


A12 
A14 


A1 
A13 


A6 
AS 


AS 
A9 


A4 
All 


A3 
A16 


A2 
Ala 


Al 
CE 


AO 
1/01 


1/00 
1/06 


1/01 
1/05 


1/02 
1/04 


v•• 
1/03 


(Top View) 
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CE 
OE 
All-A.· 
A,II' 
All 
PGM 


~ 
: HIGH THRESHOLD 
V"i."ic>--- 
INVERTER 


Mode Selection 


CE 
DE 
PGM 
vpp 
Vcc 
I/O 
Mode 
(22) 
(24) 
(31) 
(I) 
(32) 
(13 - 15, 17 - 21) 


Read 
VIL 
VIL 
VIH 
Vcc 
Vcc 
Dout 


Output Disable 
VIL 
VIH 
VIH 
VCC 
VCC 
High Z 


Standby 
VIH 
X 
X 
VCC 
VCC 
High Z 


Program 
VIL 
VIH 
VIL 
Vpp 
VCC 
Din 


Program Verify 
VIL 
VIL 
VIH 
Vpp 
VCC 
Dout 


Page Data Lateh 
VIH 
VIL 
VIH 
Vpp 
VCC 
Din 


Page Program 
VIH 
VIH 
VIL 
Vpp 
VCC 
High Z 


VIL 
VIL 
VIL 


Program Inhibit 
VIL 
VIH 
VIH 
Vpp 
VCC 
High Z 
VIH 
VIL 
VIL 


VIH 
VIH 
VIH 


1024)( 
1024 
MEMORY 
MATRIX 


Absolute Maximum Ratings 


Item 
Symbol 


All input and output 
voltages 
O! 
Vin. Vout 
-_._-------_. __._----_ 
.._...•- 
.. - 


Vpp voltageO' 
Vpp 


VccvoltageOI 
Vcc 


Operating temperature 
range 
Topr 


Storage temperature 
range 
Tstg 


Storage temperature 
range under bias 
Tbias 


Value 


-0.602 
to +7.0 


-0.6 to +13.0 


-0.6 to +7.0 
o to +70 


-55 
to +125 


-10 
to +80 
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Read Operation 
DC Characteristics (Ta = 0 to +70°C, Vcc = 5V ± 5%, Vpp = Vcd 


Parameter 
Symbol 
Min 
Typ 
Max 


2 


2 


Unit 
Test Conditions 


jJA 
Vin = 5.25V 


jJA 
Vout = 5.25V/0.45V 


jJA 
Vpp = 5.5V 


mA 
CE=VIH 


jJA 
CE =VCC ±0.3V 


mA 
CE = VIL, lout = OmA 


mA 
f = 5 MHz, lout = OmA 


mA 
f = 1 MHz, lout = OmA 


V 


V 


V 
IOL = 2.1mA 


V 
IoH = -400jJA 


ILl 


ILO 


IpP1 


ISB1 


ISB2 
ICC1 


ICC2 


Ice3 


Input Low Voltage 
V1L 


Input High Voltage 
VIH 


Output Low Voltage 
VOL 


Output High Voltage 
VOH 


Notes) 
"I. 
-I .OV for pulse width ~ 50ns. 


"2. 
VCC + I.5V for pulse width ~ 20ns. 
guaranteed. 


Output Leakage Current 


Vpp Current 
20 
I 


20 


30 


30 


15 


0.8 


VCC+l"2 


0.45 


AC Characteristics 
I(Ta = 0 to +70°C, VCC = 5V ± 5%, Vpp = Vcd 


HN27C301p·20 
HN27C301P·25 
Min 
Max 
Min 
Max 
Unit 
Test conditions 


ns 
CE=OE=VIL 


ns 
OE=VIL 


ns 
CE=VIL 


ns 
CE=VIL 


ns 
CE=OE=VIL 


Address to output delay 
tACC 
200 
250 


CE to output delay 
tCE 
200 
250 


OE to output delay 
tOE 
10 
70 
10 
100 


OE high to output float 
tDF 
0 
50 
0 
60 


Address to output hold 
tOH 
0 
0 


Switching Characteristics 
Test Condition 
Input Pulse Levels: 
O.45V to 2.4V 
Input Rise and Fall Time: 
~ 20ns 
Output Load: 
1 TTL Gate + 100pF 
Reference Levels for Measuring Timing: Inputs; O.8V and 2.0V 
Outputs; O.8V and 2.0V 
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HN27C301P!FP Series-------------------------------- 


Capacitance (Ta = 2SoC, f = 1 MHz) 


Parameter 


Input Capacitance 


Output Capacitance 


Symbol 


Cin 


Cout 


Test Conditions 


Vin; 
OV 


Vout; 
OV 


Fast High-Reliability 
Programming 


This device can be applied the Fast High-Reliability 
Pro- 


gramming 
algorithm 
shown 
in 
following 
flowchart. 
This algorithm 
allows to obtain faster programming time 


without 
any voltage stress to the device nor deteriora- 


tion in reliability 
of programmed data. 


DC Programming Characteristics(Ta =2SoC ± SoC, Vee = 6V± O.2SV, Vpp = 12.5V± O.3V) 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 
Test Conditions 


Inpu t Leakage Current 
ILI 


Output Low Voltage during Verify 
VOL 


Output High Voltage during Verify 
VOH 


Vee Current (Active) 
Ice 


Input Low Level 
VIL 


Input High Level 
VIH 


Vpp Supply Current 
Ipp 


Notes)"1. 
Vee must be applied before Vpp and removed after Vpp. 


"2. 
Vppmust not exceed 13V including overshoot. 


"3. 
An influence may be had upon device reliability if the device is installed or removed while Vpp=12.5V. 
"4. 
Do not alter Vpp either VIL to l2.5V or 12.5V to VIL when CE = Low. 


"5. 
-O.6V for pulse width ~ 20ns. 
"6. 
If VlHis over the specified maximum value, programming operation cannot be guaranteed. 
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Vin; 
6.25V/0,45V 


IOL; 
2.1mA 


IOH; 
-400"A 


vee+0.5"6 


40 


AC Programming 
Characteristics 


(Ta = 25°C ± 5°C, Vee = 6V ± O.2SV, Vpp = 12.SV ± O.3V) 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 
Test Conditions 


Address Setup Time 
tAS 
2 
/,S 


OE Setup Time 
tOES 
2 
/,S 


Data Setup Time 
tos 
2 
/,S 


Address Hold Time 
tAH 
0 
/,S 


Data Hold Time 
tOH 
2 
/,S 


OE to Output Float Delay 
tOF·' 
0 
130 
ns 


Vpp Setup Time 
tvps 
2 
/,s 


Vee Setup Time 
tves 
2 
/,s 


PGM Pulse Width during Initial Programming 
tpw 
0.19 
0.2 
0.21 
ms 


PGM Pulse Width during Over Programming 
topw·2 
0.19 
5.25 
ms 


CE Setup Time 
teEs 
2 
/,s 


Data Valid from OE 
tOE 
0 
150 
ns 


Notes) 
• J. 
tDF is defined as the time at which the output achieves the open circuit condition and data is no longer driven . 
·2. 
Refer to the programming 110wchart for toPW. 


Switching 
Characteristics 
Input 
Pulse 
Levels: 
Input 
Rise and 
Fall Time: 


Reference 
Levels for Measurement 
Timing: 


0.45V to 2.4V 
:5::20ns 


Inputs; 
O.BV and 2.0V 
Outputs; 
O.BV and 2.0V 


VPI' 
VI'I' 


Vcc 


Vcc+1 


Vcc Vcc 
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Fast High-Reliability 
Page Programming 


This device can be applied the Fast High-Reliability Page Programming algorithm shown in following flowchart. 
This algorithm 
allows to obtain faster programming 
time without 
any voltage stress to the device nor 


deterioration 
in reliability of programmed data. 


START 


DC Programming 
Characteristics 
eTa = 2SoC ± SoC, Vcc = 6V ± O.2SV, Vpp = 12.SV ± O.3V) 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 
Test Conditions 


Input Leakage Current 
ILl 
2 
IlA 
Vin = 6.25V/0.45V 


Output Low Voltage during Verify 
VOL 
0.45 
VIOL 
= 2.1mA 


Output High Voltage during Verify 
VOH 
2.4 
V 
IOH = -4001lA 


Vce Current (Active) 
Ice 
30 
mA 


Input Low Level 
VIL 
_O.l°S 
0.8 
V 


Input High Level 
VIH 
2.2 
Vee+0.5°6 
V 


Vpp Supply Current 
Ipp 
50 
mA 
CE = OE = VIH. PGM = VIL 


Notes) 
° I. 
Vee must be applied before Vpp and removed after Vpp. 


°2. 
Vpp must not exceed 13V including overshoot. 
°3. 
An influence may be had upon device reliability if the device is installed or removed while Vpp=12.5V. 
°4. 
Do not alter Vpp eitherVIL 
to 12.5Vor 
12.5V to V1L when CE=Low. 


°5. 
-0.6V for pulse width ~ 20ns 
°6. 
If VIH is over the specified maximum value. programming operation cannot be guaranteed. 
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AC Programming 
Characteristics 


eTa = 25°C ± 5°C, Vcc = 6V ± O.2SV, Vpp = 12.SV ± O.3V) 


Parameter 
Symbol 
Min 
Unit 
Test Conditions 


IlS 


IlS 


IlS 


IlS 


IlS 


IlS 


ns 


Ils 


IlS 


ms 


ms 


IlS 


os 


IlS 


IlS 


IlS 


IlS 


Address Setup Time 
tAS 
2 


OE Setup Time 
tOES 
2 


Data Setup Time 
tos 
2 


tAH 
0 


Address Hold Time 


tAHL 
2 


Data Hold Time 
tOH 
2 


OE to Output Float Delay 
tOF"1 
0 


VPP Setup Time 
tyPS 
2 


VCC Setup Time 
tyCS 
2 


PGM Pulse Width during Initial Programming 
tpw 
0.19 
0.20 


PGM Pulse Width during Over Programming 
tOPW"2 
0.19 


CE Setup Time 
tCES 
2 


Data Valid from OE 
tOE 
0 


OE Pulse Width during Data Latch 
tLW 
1 


PGM Setup Time 
tpGMS 
2 


CE Hold Time 
tCEH 
2 


OEHold 
Time 
tOEH 
2 


Notes) 
*1. 
tDF is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. 
Refer to the programming flowchart for toPW. 


Switching 
Characteristics 


Test Condition 
Input 
Pulse Levels: 
0.45V to 2.4V 


Input 
Rise and Fall Time: 
~ 20ns 
Reference Levels for Measuring Timing: 
Inputs; O.8V and 2.0V 


Outputs; 
O.8V and 2.0V 


Recommended 
Screening 
Conditions 


Before 
mounting, 
please make 
the 
screening 
(baking 
without 
bias) shown in the right. 


Program 
and 
Yerify 
by Programmer 


Baking at 
12SrolS0·C 
for 24 10 48 hrs 
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• 
TIMING 
WAVEFORM 


• Word Mode (BHE = 'V1H') 
or Byte Mode (BHE = 'VII:> (1) 


I. tOHA. tOHC. tOHO; determined 
by faster. 


2. tAA. tACE. toE; determined 
by slower. 


3. tCLZ, toLZ; determined 
by slower. 


HighZ 
HighZ 
A-1 


tAA 


SHE 


Valid 
D7-DO 
Data 


Valid 
D15-D8 
Data 


1. CE and OE are enable AI9 - 
Ao are valid. 


2. Dis/A-l 
pin is in the output state when BHE is high, CE and OE are enable. 
Therefore, 
the input signals 
of opposite 


phase to the output must not apply to them. 
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HN27C101AG 
SerieS-Preliminary 
CMOS 1Mb EPROM 


131,072-Word 
x 8-Bit CMOS UV Erasable 
and Programmable 
ROM 


• 
DESCRIPTION 


The HN27C101AG 
is a 131,072 word by a-bit erasable and electri- 


cally programmable 
ROM. This device is packaged 
in a 32-pin, dual- 
in-line package 
with transparent 
lid. The transparent 
lid allows the 


memory 
content 
to be erased with ultraviolet 
light, whereby 
a new 


pattern can then be written into the device . 


• 
FEATURES 


• Single Power Supply 
+ 5V ± 10% 


• High Performance 
Program 
Mode and High Performance 


Page Program 
Mode 
Program Voltage: 
+ 12.5V DC 
High Speed Page Programming: 
14 seconds 
typo 
• Static 
No Clocks 
Required 


• Inputs and Outputs 
TIL 
Compatible 
During Both Read 


and Program 
Modes 


• Access Time 
100ns max. (HN27C101AG-10) 
120ns max. (HN27C101AG-12) 
150ns max. (HN27C101AG-15) 


1024"1024 
Memory Matrix 


A12 
S 
A16 


1/°0 
S 
1/09 


CE 
OE 
FCH 
VCCo-- 
Vpp 


VSS 0-- 


Vpp 
Vcc 


A16 
PMG 


A15 
NC 


A12 
A14 


A7 
A13 


As 
As 


A5 
Ag 


A4 
All 


A3 
OE 


A2 
Al0 


Al 
CE 


Ao 
07 


00 
Os 


01 
05 


02 
04 


GND 
03 
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Mode 
I 
Pins 
CE 
OE 
PGM 
Vpp 
Vcc 
A9 
Outputs 
(22) 
(24) 
(31) 
(I) 
(32) 
(26) 
(13-15,17-21) 


Read 
V1L 
V1L 
VIH 
Vcc 
Vcc 
X 
Dout 


Output Disable 
V1L 
VIH 
VIH 
Vcc 
Vcc 
X 
HighZ 


Standby 
VIH 
X 
X 
Vcc 
Vcc 
X 
HighZ 


Program 
V1L 
VIH 
VIL 
Vpp 
Vcc 
X 
Djn 


Program 
Verify 
V1L 
V1L 
V1H 
Vpp 
Vcc 
X 
Dout 


Page Data Latch 
VIH 
V1L 
VIH 
Vpp 
Vcc 
X 
Djn 


Page Program 
VIH 
VIH 
V1L 
Vpp 
Vcc 
X 
High Z 


V1L 
V1L 
V1L 


Program 
Inhibit 
V1L 
VIH 
VIH 
Vpp 
Vcc 
X 
HighZ 


VIH 
V1L 
V1L 


VIH 
V1H 
V1H 


Identifier 
V1L 
V1L 
VIH 
Vcc 
Vcc 
VH 
Code 


Item 
Symbol 
Value 
Unit 


Operating 
Temperature 
Range 
Topr 
o to +70 
°C 


Storage Temperature 
Range 
Tst~ 
-65 to + 125 
°C 


Storage Temperature 
Range Under Bias 
Tbjas 
-10 to +80 
°C 


All Input and Output Voltages(l) 
Vint Vout 
-1.0(2) to + 7.0 
V 


Vpp Voltage(l) 
Vpp 
-0.6 to + 13.0 
V 


Vcc Voltage(l) 
Vcc 
-0.6 to +7.0 
V 


NOTES: 
1. With respect to GND. 
2. Pulse width: SOns,DC: V1Lmin. = -0.6Y. 


Parameter 
Symbol 
Test Conditions 
Min. 
Typ. 
Max. 
Unit 


Input Leakage Current 
ILl 
Vjn = 5.25V 
- 
- 
2 
p.A 


Output Leakage Current 
ILO 
Vout = 5.25V/0.45V 
- 
- 
2 
p.A 


Vpp Current 
IpPI 
Vpp = 5.5V 
- 
I 
20 
p.A 


ISB1 
CE = V1H 
- 
- 
1 
mA 
Vcc Current 


ISB2 
CE = Vcc 
± 0.3V 
- 
1 
20 
p.A 


Icc1 
CE = V1L, lout = OmA 
- 
- 
50(2) 
mA 


Vcc Current 
ICC2 
f = 8.4MHz, 
lout = OmA 
- 
- 
100(2) 
mA 


ICC3 
f = 5MHz, lout = OmA 
- 
- 
50(2) 
mA 


Input Low Voltage 
V1L 
-1.0(1) 
- 
0.8 
V 


Input High Voltage 
VIH 
2.2 
- 
Vcc+1 
V 


Output Low Voltage 
VOL 
IOL = 2.1mA 
- 
- 
0.45 
V 


Output High Voltage 
VOH 
IOH = -4oop.A 
2.4 
- 
- 
V 


NOTES: 
1. Pulse width: SOns,DC: VIL min. = -0.3V. 


2. Tentative. 


• 
HITACHI 


1238 
Hitachi America, ltd .• 
Hitachi Plaza· 2000 Sierra Point Pkwy.• 
Brisbane. CA 94005-1819 • (415) 589-8300 


HN27CIOIAG 


Parameter 
Symbol 
Test Conditons 
-10 
-12 
-15 
Unit 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Address to Output Delay 
tACC 
CE = OE = V1L 
- 
100 
- 
120 
- 
150 
ns 


CE to Output Delay 
teE 
OE = V1L 
- 
100 
- 
120 
- 
150 
ns 


OE to Output Delay 
toE 
CE = V1L 
10 
60 
10 
60 
10 
70 
ns 


OE High to Output Float 
tDF 
CE = V1L 
0 
50 
0 
50 
0 
50 
ns 


Address to Output Hold 
toH 
CE = OE = V1L 
0 
- 
0 
- 
0 
- 
ns 


• Test Conditions 


• Input Pulse Levels: 0.45V to 2.4V 
• Reference 
Levels for Measuring 
Timing; 
Inputs: 0.8V, 2.0V 
Outputs: 0.8V, 2.0V 


• Input Rise and Fall Time: 
:s 20ns 


• Output Load: I TTL Gate + lOOpF 


tOF 


tOH 


Parameter 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Input Capacitance 
Cin 
Vin = OV 
- 
- 
10 
pF 


Output Capacitance 
Cout 
Vout = OV 
- 
- 
15 
pF 
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High Performance 
Programming 


This device 
can be applied 
the High Performance 


Programming 
algorithm 
shown in the following 
flow- 


chart. This algorithm 
allows to obtain faster program- 


ming time without 
any voltage 
strass to the device 


nor deterioration 
in reliability 
of programmed 
data. 


, 
FAIL 
) 
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Parameter 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Input Leakage Current 
ILl 
Vin = 6.25V/0.45V 
- 
- 
2 
p.A 


Output Low Voltage During Verify 
VOL 
IOL = 2.1mA 
- 
- 
0.45 
V 


Output High Voltage During Verify 
VOH 
IoH = -4OOp.A 
2.4 
- 
- 
V 


Vee Current 
(Active) 
Ice 
- 
- 
30 
mA 


Input Low Level 
V1L 
-0.1 
- 
0.8 
V 


Input High Level 
VIH 
2.2 
- 
Vce 
V 


Vpp Supply Current 
Ipp 
CE = VIL 
- 
- 
40 
mA 


NOTES: 
I. Vcc must be applied 
before 
Vpp and removed 
after Vpp. 


2. Vpp must not exceed 
13V including 
overshoot. 


3. An influence 
may be had upon device 
reliability 
if the device is installed 
or removed 
while Vpp = 12.5V. 


4. Do not alter Vpp either VIL to 12.5V or 12.5V to VIL when CE = Low . 


• 
AC PROGRAMMING 
CHARACTERISTICS 
(High Performance 
Programming) 


(T. = 25°C 
± 5°C, Vee = 6V ± 0.25V, 
Vpp = 12.5V ± 0.3V) 


Parameter 
Symbol 
Test Condition 
, 
Min. 
Typ. 
Max. 
Unit 


Address 
Setup Time 
tAS 
2 
- 
- 
p's 


OE Setup Time 
toES 
2 
- 
- 
p's 


Data Setup Time 
tDS 
2 
- 
- 
p.s 


Address 
Hold Time 
tAH 
0 
- 
- 
p.s 


Data Hold Time 
tDH 
2 
- 
- 
p.s 


OE to Output Float Delay 
tDF(I) 
0 
- 
130 
ns 


Vpp Setup Time 
tyPS 
2 
- 
- 
p's 
Vee Setup Time 
tYes 
2 
- 
- 
p.s 


PGM Pulse Width During Initial 
tpw 
0.19 
0.20 
0.21 
ms 
Programming 


PGM Pulse Width During 
toPW(2) 
0.19 
- 
5.25 
ms 
Overprogramming 


CE Setup Time 
teES 
2 
- 
- 
p.s 


Data Valid From OE 
tOE 
0 
- 
150 
ns 


NOTES: 
I. tDF defines 
the time at which the output achieves 
the open circuit condition 
and data is no longer driven. 


2. !opw is defined 
as mentioned 
in flowchart. 
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• 
SWITCHING 
CHARACTERISTICS 


• Test Conditions 


• Input Pulse Levels: OA5V to 2AV 
• Input Rise and Fall Time: 
~ 20ns 
• Reference 
Levels for Measuring 
Timing; Inputs: O.8V, 2.0V 
Outputs: 
O.8V, 2.0V 


Address 


Data 


Vpp 
Vpp 
Vcc 


Vcc+1 
Vpp 
VCC 


CE 
teEs 


PGM 


DE 
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High Performance 
Page Programming 


This device 
can be applied 
the High Performance 
Programming 
algorithm 
shown in the following 
flow- 


chart. This algorithm 
allows to obtain faster program- 


ming time without 
any voltage 
stress to the device 


nor deterioration 
in reliability 
of programmed 
data. 


Set Read Mode 
Vcc=5. OV±O, 25V. Vpp=Vcc 
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• 
HIGH PERFORMANCE 
PAGE PROGRAMMING 
OPERATION 


• DC Programming 
Characteristics 
(Ta = 25°C 
± 5°C, Vee = 6V ± 0.25V, Vpp = 12.5V ± 0.3V) 


Parameter 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Input Leakage Current 
ILl 
Vin = 6.25V/0.45V 
- 
- 
2 
p.A 


Output Low Voltage During Verify 
VOL 
IOL = 2.1mA 
- 
- 
0.45 
V 


Output High Voltage During Verify 
VOH 
IOH = -400~A 
2.4 
- 
- 
V 


Vee Current 
(Active) 
Ice 
- 
- 
30 
mA 


Input Low Level 
V1L 
-0.1 
- 
0.8 
V 


Input High Level 
VIH 
2.2 
- 
Vee 
V 


Vpp Supply Current 
Ipp 
CE = VIL 
- 
- 
50 
mA 


NOTES: 
I. Vcc must be applied before Vppand removed after Vpp. 


2. Vpp must not exceed l3V including overshoot. 
3. An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5V. 


4. Do not alter Vppeither VILto 12.5V or 12.5V to VILwhen CE = Low. 


• 
AC PROGRAMMING 
CHARACTERISTICS 
(High Performance 
Page Programming) 


(Ta = 25°C 
± 5°C, Vee = 6V ± 0.25V, 
Vpp = 12.5V ± 0.3V) 


Parameter 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Address 
Setup Time 
tAS 
2 
- 
- 
~s 


OE Setup Time 
toES 
2 
- 
- 
~s 


Data Setup Time 
tDS 
2 
- 
- 
~ 


tAH 
0 
- 
- 
~s 
Address 
Hold Time 
2 
tAHL 
- 
- 
~s 


Data Hold Time 
tDH 
2 
- 
- 
~s 


OE to Output Float Delay 
tDF(I) 
0 
- 
130 
ns 


Vpp Setup Time 
tvps 
2 
- 
- 
~ 


Vee Setup Time 
tves 
2 
- 
- 
~s 


PGM Pulse Width During Initial 
tpw 
0.19 
0.20 
0.21 
ms 
Programming 


PGM Pulse Width During 
toPW(2) 
0.19 
- 
5.25 
ms 
Overprogramming 


CE Setup Time 
teES 
2 
- 
- 
~s 


Data Valid From OE 
toE 
0 
- 
150 
ns 


OE Pulse Width During Data Latch 
tLw 
1 
- 
- 
~s 


PGM Setup Time 
teEH 
2 
- 
- 
~s 
OE Hold Time 
toEH 
2 
- 
- 
~s 


NOTES: 
I. tOFdefines the time at which the output achieves the open circuit condition and data is no longer driven. 
2. !opw is defined as mentioned in flowchan. 


Identifier 
Ao 
07 
06 
05 
04 
03 
O2 
01 
00 
Hex 
(10) 
(19) 
(18) 
(17) 
(16) 
(15) 
(13) 
(12) 
(II) 
Data 


Manufacturer 
Code 
V1L 
0 
0 
0 
0 
0 
I 
I 
I 
07 


Device Code 
V1H 
0 
0 
1 
I 
1 
0 
0 
0 
38 


NOTES: 
1. A9 = 12.0V ± 0.5V 


2. AI-As, AIO-AI, CE, OE = VIL 
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• Test Conditions 


• Input Pulse Levels: 0.45V to 2.4V 
• Input Rise and Fall Time: 
$ 20ns 
• Reference 
Levels for Measuring 
Timing; Inputs: O.8V, 2.0V 
Outputs: O.8V, 2.0V 


Vpp 
Vpp 
Vcc 
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HN27C4096 Series - Preliminary 


262,144-Word 
x 16-81t CMOS UV Erasable and Programmable 
ROM 


• 
DESCRIPTION 


The Hitachi HN27C4096G/CC 
is a 4-Mbit ultraviolet 
erasable and 


electrically 
programmable 
ROM, 
featuring 
high 
speed 
and 
low 


power dissipation. 
Fabricated 
on advanced 
fine process 
and high 


speed circuitry 
technique, 
the HN27C4096 
makes high speed 
ac- 


cess time possible. 
Therefore, 
it is suitable for 16-bit microcomputer 


systems 
using 
high speed 
microcomputer 
such as the 80286 and 
68020. The HN27C4096 
offers high speed programming 
using page 
(DG-40A) 
programming 
mode. This device has the package variation of cerdip- 


40 pin and JLCC-44 
pin . 


• 
FEATURES 
~ 


• High Speed 
"'--". 
Access Time 
100/120/150ns 
(max.) 


• Low Power Dissipation 


Standby 
Mode 
5J.l.W (typ.) 


Active Mode 
35mW/MHz 
(typ.) 


• Fast High Reliability 
Page Programming 
and Fast High 
(CC-44) 
Reliability 
Programming 


Programming 
Voltage 
+ 12.5V D.C. 
• 
PIN DESCRIPTION 


Program Time 
7 sec. (min.) 
(Theoretical 
in Page Programming) 


• Inputs and Outputs 
TIL 
Compatible 
During 
Both Read 


and Program 
Modes 


• Pin Arrangement 
AO-Pin JEDEC 
Standard 
44-Pin JLCC JEDEC 
Standard 


• Device Identifier 
Mode .... 
Manufacturer 
Code and Device Code 


Type No. 
Access Time 
Package 


HN27C4096G-1O 
lOOns 
600 mil 40 pin 
HN27C4096G-12 
120ns 
HN27C4096G-15 
150ns 
Cerdip (DG-40A) 


HN27C4096CC-1O 
lOOns 
44 pin 
HN27C4096CC-12 
120ns 


HN27C4096CC-15 
150ns 
JLCC (CC-44) 


Pin Name 
Function 


Ao-A17 
Address 


11°0-11°15 
Input/Output 


CE 
Chip Enable 


OE 
OutputEnable 


Vcc 
PowerSupply 


Vpp 
ProgrammingPowerSupply 


Vss 
Ground 
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• 
PIN ARRANGEMENT 


• HN27C4096G 


Vpp 


CE 


1/015 


1/014 


1/013 


1/012 
11011 


1/010 


II0g 


I/0s 


VSS 


1/07 


1/06 


1/05 


1/04 


1/03 


1/02 


1/01 


1/00 


OE 


Vcc 
A17 


A16 


A15 


A14 


A13 


A12 
A11 


AlO 


Ag 


VSS 
As 


A7 


A6 
As 


A4 


A3 


A2 


A1 
Ao 


Input 
Data 
Control 


~~~ 
Q. 
O~<DLl)'V 
~ ~ ~I~g; ~ ~ ;: ;: ;: ;: 


5 4 3 
2 


1/012 
A13 


1/011 
A12 
1/010 
All 


1/09 
Al0 
1/08 
A9 
VSS 
VSS 
NC 
NC 
1107 
A8 
1/06 
A7 
1/05 
A6 
1/04 
AS 


"'N~8 
000 
IWOOO~N"'''' 
:::::::::::::::::::: 
z<c<c<c<c<c 


2048*2048 
Memory Matrix 


V-Gating 


V-Decoder 
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liDO 
S 
1/015 


Mode 
Pin 
CE 
OE 
A9 
Vpp 
Vcc 
I/O 


CC-44 
(3) 
(22) 
(35) 
(2) 
(44) 
(4-11, 14-21) 


DG-40A 
(2) 
(20) 
(31) 
(I) 
(40) 
(3-10. 
12-19) 


Read 
V1L 
V1L 
X 
Vss-Vcc 
Vcc 
Dout 


Output Disable 
V1L 
VIH 
X 
Vss-Vcc 
Vcc 
High Z 


Standby 
VIH 
X 
X 
Vss-Vcc 
Vcc 
High Z 


Page Program 
Set 
VIH 
VH(2) 
X 
Vpp 
Vcc 
High Z 


Page Data Latch 
V1L 
VH(2) 
X 
Vpp 
VCC 
Din 


Page 
Page Program 
V1L 
VIH 
X 
Vpp 
Vcc 
HighZ 
Prog. 


Page Program 
Verify 
VIH 
V1L 
X 
Vpp 
Vcc 
Doul 


Page Program 
Reset 
VIH 
VIH 
X 
Vcc 
Vcc 
HighZ 


Program 
V1L 
VIH 
X 
Vpp 
VCC 
Din 


Program 
Verify 
VIH 
V1L 
X 
Vpp 
Vcc 
Dout 
Word 
Optional Verify 
VIL 
V1L 
X 
Vpp 
Vcc 
Dout 
Prog. 


Program 
Inhibit 
VIH 
VIH 
X 
Vpp 
Vcc 
High Z 


Identifier 
V1L 
V1L 
VH(2) 
Vss-Vcc 
Vcc 
Code 


NOTES: 
1.' X = Don't Care. 


2. VH = 12.0V ± O.5V 


Item 
Symbol 
Value 
Unit 


All Input and Output Voltages(l) 
Vin, Vout 
-0.6(2) to +7.0 
V 


Voltage on Pin A9 and OE 
VID 
-6.0(2) to + 13.0 
V 


Vpp Voltage(l) 
Vpp 
-0.6 to + 13.5 
V 


Vcc Voltage(l) 
Vcc 
-0.6 to +7.0 
V 


Operating 
Temperature 
Range 
Toor 
Oto +70 
°C 


Storage Temperature 
Range(3) 
Tst~ 
-65 to +125 
°C 


Storage Temperature 
Under Bias 
Tbias 
-20 to +80 
°C 


NOTES: 
1. Relative to Vss. 


2. Vin. Vout• VID• min. = -2.0V 
for pulse width 
:s 20ns. 


3. Storage temperature 
range of device before programming. 


Item 
Symbol 
Test Conditions 
Min. 
Typ. 
Max. 
Unit 


Input Capacitance 
Cin 
Vin = OV 
- 
- 
12 
pF 


Output Capacitance 
Cout 
Vout = OV 
- 
- 
20 
pF 
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• 
READ OPERATION 


• DC Characteristics 
(Vcc = 5V ± 10%. Vpp = Vss to Vcc• Ta = 0 to +70°C) 


Item 
Symbol 
Test Conditions 
Min. 
Typ. 
Max. 
Unit 


Input Leakage Current 
ILl 
Vin = 5.5V 
- 
- 
2 
p.A 


Output Leakage Current 
lLO 
Vout = 5.5V/0.45V 
- 
- 
2 
p.A 


Vpp Current 
IpPI 
Vpp = 5.5V 
- 
I 
20 
p.A 


ISB1 
CE = VIH 
- 
- 
I 
mA 
Standby Vcc Current 
ISB2 
CE = Vcc 
± 0.3V 
- 
I 
20 
p.A 


Icc1 
lout = OmA. f = IMHz 
- 
- 
30 
mA 
Operating 
Vcc Current 
ICC2 
lout = OmA. f = 10MHz 
- 
I 
100 
mA 


V1L 
-0.3(1) 
- 
0.8 
V 
Input Voltage 


VIH 
2.2 
- 
VCC+I(2) 
V 


VOL 
IOL = 2.lmA 
- 
- 
0.45 
V 
Output Voltage 


VOH 
IOH = -400 
p.A 
2.4 
- 
- 
V 


NOTES: 
I. VtL min. = -l.OV 
for pulse width 
S 50ns. 
VtL min. -2.0V 
for pulse width s 2Ons. 


2. VIH max. = Vcc + l.5V for pulse width 
S 20ns 
If VIH is over the specified 
maximum 
value, read operation 
cannot be guaranteed 
. 


• 
AC CHARACTERISTICS 
(Vcc = 5V ± 10%. Vpp = Vss to Vcc• Ta = 0 to +70°C) 


• Test Conditions 


• Input Pulse Levels: 0.45 to 2.4V 
• Reference 
Levels for Measuring 
Timing: 0.8V. 0.2V 


• Input Rise and Fall Times: 
~ 
IOns 


• Output Load: I TIL 
Gate + loopF 


Symbol 
Test Conditions 
HN27C4096-10 
HN27C4096-12 
HN27C4096-15 
Item 
Unit 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Address to Output Delay 
tACC 
CE = OE = V1L 
- 
100 
- 
120 
- 
150 
ns 


CE to Output Delay 
teE 
OE = V1L 
- 
100 
- 
120 
- 
150 
ns 


OE to Output Delay 
toE 
CE = V1L 
- 
60 
- 
60 
- 
70 
ns 


OE High to Output Float(l) 
tDF 
CE = V1L 
0 
35 
0 
40 
0 
50 
ns 


Address to Output Hold 
toH 
CE = OE = V1L 
5 
- 
5 
- 
5 
- 
ns 


tDF 


tOH 
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Set Page Prog.l Verify Mode 
Vpp=12 
5V±O 3V Vcc=6 
OV±O 25V 


Set Read Mode 
Vcc=5, OV±O, 
25V, Vpp=Vcc 
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Fast High-Reliability 
Page Programming 


This device 
can be applied 
the high performance 


page 
programming 
algorithm 
shown 
in the follow 


flowchart. 
This algorithm 
allows to obtain faster pro- 


gramming 
time without any voltage stress to the de- 
vice nor deterioration 
in reliability 
of programmed 


data. 


Page Program Set 


Apply 12V to DE pin after applying 
12.5V to Vpp to set 


a page 
program 
mode. 
The device 
operates 
in a 


page program 
mode until reset. 


Page Program Reset 


Set Vpp to Vcc level or less to reset a page program 
mode. 


Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Input Leakage Current 
ILl 
Vin = 6.25V/0.45V 
- 
- 
2 
p.A 


VOL 
IOL = 2.1mA 
- 
- 
0.45 
V 
Output Voltage During Verify 
VOH 
IOH = -400p.A 
2.4 
- 
- 
V 


Operating 
Vee Current 
Ice 
- 
- 
50 
mA 


V1L 
-0.1 (5) 
- 
0.8 
V 


Input Voltage 
VIH 
2.2 
- 
Vee + 0.5(6) 
V 


VH 
11.5 
12.0 
12.5 
V 


Vpp Supply Current 
Ipp 
CE = V1L 
- 
- 
70 
mA 


NOTES: 
1. Vcc must be applied 
before Vpp and removed after V PI' 


2. Vpp must not exceed 
BV including 
overshoot. 


3. An influence 
may be had upon device reliability 
if the device is installed 
or removed 
while Vpp = 12.5v' 


4. Do not alter Vpp either VIL to 12.5V or 12.5V to VIL when CE = low. 


5. VIL min. = -0.6V 
for pulse width 
:s 20ns. 


6. If VIH is over the specified 
maximum 
value, programming 
operation 
cannot be guaranteed 
. 


• 
AC CHARACTERISTICS 
(Vee = 6V ± 0.25V, Vpp = 12.5V ± 0.3V, Ta = 25°C 
± 5°C) 


• Test Conditions 


• Input Pulse Levels: 0.45 to 2.4V 
• Reference Levels for Measuring 
Timing; Inputs: 0.8V, 0.2V 
Outputs: 0.8V, 2.0V 
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Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Address Setup Time 
tAS 
2 
- 
- 
p'S 


OE Setup Time 
toES 
2 
- 
- 
P.s 


Data Setup Time 
tos 
2 
- 
- 
p.s 


Address Hold Time 
tAH 
0 
- 
- 
P.s 


Data Hold Time 
tOH 
2 
- 
- 
p'S 


OE High to Output Float Delay 
tOF(l) 
0 
- 
130 
ns 


Vpp Setup Time 
tyPS 
2 
- 
- 
p'S 


Vee Setup Time 
tYes 
2 
- 
- 
p.s 


CE Initial Programming 
Pulse Width 
tpw 
47.5 
50.0 
52.5 
p.s 


CE Overprogramming 
Pulse Width 
topw(2) 
47.5 
- 
525.0 
p.s 


CE Setup Time 
teES 
2 
- 
- 
p.s 


Data Valid From OE 
toE 
0 
- 
150 
ns 


CE Pulse Width During Data Latch 
tLw 
I 
- 
- 
p.s 


OE = VH Setup Time 
toHS 
2 
- 
- 
p.s 


OE = VH Hold Time 
toHH 
2 
- 
- 
p.s 


OE Hold Time 
toEH 
2 
- 
- 
p.s 


Vpp Hold Time(3) 
tYRS 
I 
- 
- 
P.s 


NOTES: 
1. tOF is defined 
as the time at which the output achieves 
the open circuit 
condition 
and data is no longer driven. 


2. Refer to the programming 
flowchart 
for topw. 


3. Pllge program 
mode will be reset when Vpp is set to Vcc or less. 


Fast High-Reliability 
Programming 


This device 
can be applied 
the fast high-reliability 


programming 
algorithm 
shown 
in 
the 
following 


flowchart. 
This 
algorithm 
allows 
to obtain 
faster 


programming 
time without 
any voltage stress to the 


device nor deterioration 
in reliability 
of programmed 


data. 
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Vpp 
Vpp 
Vcc 


Vcc+1 
Vcc 
Vcc 
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Item 
Symbol 
Test Conditions 
Min. 
Typ. 
Max. 
Unit 
- 
Input Leakage Current 
ILl 
Vin = 5.5V/0.45V 
- 
- 
2 
p.A 


Vpp Supply Current 
Ipp 
CE = V1L 
- 
- 
40 
mA 


Operating 
Vee Current 
Ice 
- 
- 
50 
mA 


VIL 
-0.1 (5) 
- 
0.8 
V 
Input Voltage 


VIH 
2.2 
- 
Vee+0.5(6) 
V 


VOL 
IoL = 2.1mA 
- 
- 
0.45 
V 
Output Voltage 


VOH 
IOH = -400 p.A 
2.4 
- 
V 
- 


NOTES: 
I. Vcc must be applied 
before Vpp and removed 
after V PI' 


2. Vpp must not exceed 
I3V including 
overshoot. 


3. An influence 
may be had upon device reliability 
if the device is installed 
or removed 
while Vpp = 12.5V. 


4. Do not alter Vpp either VIL to 12.5V or 12.5V to VH, when CE = low. 


5. VIL min. = -0.6V 
for pulse width s 20ns. 


6. If VIH is over the specified 
maximum 
value, programming 
operation 
cannot be guaranteed 
. 


• 
AC CHARACTERISTICS 
(Vee = 6V ± 0.25V, Vpp = 12.5V ± 0.3V, T. = 25°C 
± 5°C) 


• Test Conditions 


• Input Pulse Levels: 0.45 to 2.4V 
• Reference 
Levels for Measuring 
Timings: 0.8V, 0.2V 


Item 
Symbol 
Test Conditions 
Min. 
Typ. 
Max. 
Unit 


Address 
Setup Time 
tAS 
2 
- 
- 
p.s 


OE Setup Time 
toES 
2 
- 
- 
p.s 


Data Setup Time 
tDS 
2 
- 
- 
p's 


Address 
Hold Time 
tAH 
0 
- 
- 
p's 


Data Hold Time 
tDH 
2 
- 
- 
p's 


OE to Output Flow at Delay 
tDF(I) 
0 
- 
130 
ns 


Vpp Setup Time 
tvps 
2 
- 
- 
p's 


Vee Setup Time 
tves 
2 
- 
- 
p's 


CE Initial Programming 
Pulse Width 
tpw 
4.75 
50.0 
52.5 
p.s 


CE Overprogramming 
Pulse Width 
toPW(2) 
47.5 
- 
525.0 
p's 


Data Valid From OE 
toE 
0 
- 
150 
ns 


NOTES: 
I. top is defined 
as the time at which the output achieves 
the open circuit 
condition 
and data is no longer driven. 


2. Refer to the programming 
flowchart 
for !opw- 
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Vpp 
Vpp 
Vcc 


Vcc+1 


Vpp 
Vcc 


Erase 


Erasure 
of HN27C4096G/C 
is performed 
by expo- 
sure to ultraviolet 
light of 2537 A and all the output 


data are changed 
to "1" 
after this erasure 
proce- 


dure. The minimum 
integrated 
dose (Le., UV inten- 


sity x exposure 
time) for erasure is 15 sec/cm'. 


Mode Description 


Device Identifier 
Mode 


The device identifier 
mode allows the reading out of 


binary codes that identify 
manufacturer 
and type of 


device, 
from outputs 
of EPROM. 
By this mode, the 


device will be automatically 
matched 
its own corres- 


ponding 
programming 
algorithm, 
using 
program- 


ming equipment. 


Identifier 
Ao 
1/°8-1/°15 
1/07 
1/06 
1/05 
1/04 
1/°3 
1/02 
1/01 
1/00 
CC-44 
(24) 
(11)-(4) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 
(21) 
Hex 
Data 
DG-40A 
(21) 
(10)-(3) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 


Manufacture 
Code 
V1L 
X 
0 
0 
0 
0 
0 
1 
1 
1 
07 


Device Code 
VIH 
X 
1 
0 
1 
0 
0 
0 
1 
0 
A2 


NOTES: 
1. X = Don't Care. 


2. VH = 12.0V ± O.5V 
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Section 9 
ECLRAM 


~HITACHI® 


HM10494 Series 


The 
HM10494 
is ECl 
10K compatible, 
16384-word 
by 4-bits 


readlwrite random access memory developed for high speed systems 


such as scratch pads and controllbuffer 
storage. 


Features 
16384-word x 4-bit organization 
Fully compatible 
with 10K ECl 
level 


Address 
access time: 
10/12 
ns (max) 


Write pulse width: 
6 ns (min) 


low 
power dissipation: 
800 mW (typ) 


Output obtainable 
by wired-OR 
(open emitter) 


Ordering Information 


Type No. 
Access Time 


HMI0494-10 
10 ns 
HMI0494-12 
12 ns 


HMI0494F-IO 
10 ns 
HMI0494F-12 
12 ns 


Package 


400 mil 28 pin Cerdip 


(DG-28N) 


28 pin Ceramic 
Flat 


(FG-28D) 


Input 
Output 
Mode 
CS 
WE 
Din 


H 
x 
x 
L 
Not Selected 


L 
L 
L 
L 
Write "0" 
L 
L 
H 
L 
Write "I" 


L 
H 
x 
Dout"' 
Read 


Notes: 
x; 
Irrelevant 
*1; Read Out Noainven 


Block Diagram 
Pin Arrangement 


DI1 


DI2 


DI3 


DI4 


DOl 


D02 


Vo< 


Vcc.o 
V" 


D03 


004 
A8 


AO 
A7 


Al 
A6 


A2 
AS 


A3 
A4 
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Absolute Maximum 
Ratings (Ta = 25°C) 


Item 
Symbol 


Supply Voltage 
VEEto Vcc 


Input Voltage 
Vin 


Output Current 
lout 


Storage Temperature 
Tstg 


Storage Temperature 
Tstg (Bias)" I 


Note: 
°1; UnderBias 


Rating 
+0.5 to -7.0 


+0.5 to VEE 


-30 
-65 to +150 
-55 to +125 


Electrical Characteristics 
DC Characteristics 
(VEE= -5.2V, 
RL = son to -2.0 V, Ta = 0 to +75°C, air flow exceeding 
2 m/sec) 


Item 
Symbol 
Min (B) 
Typ 
Max (A) Unit 
Test Conditions 


-1000 
-840 


-960 
-810 


-900 
-720 


-1870 
-1665 


-1850 
-1650 
-1830 
-1625 


-1020 


-980 


-920 


Output Threshold 
Voltage 
-1645 
VOLe 
-1630 
-1605 


-1145 
-840 
Vm 
-1105 
-810 


Input Voltage 
-1045 
-720 


-1870 
-1490 
VIL 
-1850 
-1475 


-1830 
-1450 
1m 
220 


Input Current 
IlL 
0.5 
170 


-50 


-180 


Supply Current 
lEE 
-180 


Guaranteed 
Input Voltage 


High for All Inputs 


Guaranteed 
Input Voltage 


Low for All Inputs 


Unit 


V 
V 


mA 
°C 
°C 


O°C 


+25°C 
+75°C 


O°C 


+25°C 
+75°C 
O°C 


+25°C 


+75°C 


O°C 


+25°C 
+75°C 
O°C 


+25°C 
+75°C 


O°C 


+25°C 
+75°C 
o to +75°C 


CS 
Others 
All Inputs and Outputs 
Open 


AC Characteristics 
(VEE= -5.2 V ± 5%, Ta = 0 to +75°C, air flow exceeding 2 m/sec) 


Read Mode 


HM10494-10 
HM10494-12 
Item 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 
Test Conditions 


Chip Select Access Time 
lACS 
6 
8 
ns 


Chip Select Recovery Time 
IRes 
6 
8 
ns 


Address Access Time 
lAA 
10 
12 
ns 
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HM10494 
Series 


Write Mode 


Item 
Symbol 
HM10494-l0 
HM10494-l2 
Unit 
Test Conditions 
Min 
Typ 
Max 
Min 
Typ 
Max 


Write Pulse Width 
tw 
6 
8 
ns 
twSA= twSAmin 


Data Setup Time 
twSD 
2 
2 
ns 


Data Hold Time 
twHD 
2 
2 
ns 


Address Setup Time 
twSA 
2 
2 
ns 
tw = tw min 


Address Hold Time 
twHA 
2 
2 
ns 
Chip Select Setup Time 
twscs 
2 
2 
ns 
Chip Select Hold Time 
twHcs 
2 
2 
ns 
Write Disable Time 
tws 
6 
8 
ns 


Write Recovery Time 
twR 
12 
14 
ns 


Rise/Fail Time 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Test Conditions 


Output Rise Time 
tr 
2 
ns 


Output Fall Time 
tf 
2 
ns 


Capacitance 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Test Conditions 


Input Capacitance 
Cin 
3 
pF 
Output Capacitance 
Cout 
5 
pF 
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R, ;J;. C, 


RL = 500 
C,~3()pF 


(Includes 
probe 


and jig capacitance) 


\ 
/ 


'-- ------- 
---- 
-----_/ 


lWHD 
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H M 10490 Series - 
Preliminary 


65536-Words 
x 1-Bit Fully Decoded 
Random Access 
Memory 


• 
DESCRIPTION 


The HM10490 is ECl 
10K compatible, 
65536-words 
by 1-bit read/ 


write 
random 
access 
memory 
developed 
for high speed 
systems 


such as scratch 
pads and control/buffer 
storage . 


• 
FEATURES 


• 65536 
x 
1 Bit Organization 


• Fully Compatible 
with 10K ECl 
level 


• Address 
Access Time 
10/12ns (max.) 


• Write Pulse Width 
6/8ns (min.) 


• low 
Power Dissipation 
570mW (typ.) 


• Output 
Obtainable 
by Wired-OR 
(Open Emitter) 


Dout 


Ao 


A1 


A2 


A3 


A4 


As 


As 


A7 


As 


VEE 


Type No. 


HMI0490-IO 
HMI0490-12 


Package 


300 mil 22 pin Cerdip 


(DG-22N) 
IOns 
12ns 


A4 
A5 
A6 


A7 


As 
Ag 


A10 


A12 


Input 
Output 
Mode 
CS 
WE 
Din 


H 
X 
X 
L 
Not Selected 


L 
L 
L 
L 
Write 
"0" 


L 
L 
H 
L 
Write 
"I" 


L 
H 
X 
Doul* 
Read 


Memory Cell Array 


65536 words x 1 bit 


NOTES: 
X = Irrelevant; 
* = Read oul non invert 
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Item 
Symbol 
Rating 
Unit 


Supply Voltage 
VEE to Vcc 
+0.5 
to 87.0 
V 


Input Voltage 
Vin 
+0.5 
to VEE 
V 


Output Current 
lout 
830 
mA 


Storage Temperature 
Tstg 
865 to +150 
°C 


Storage Temperature 
T stg(bias) * 
855 to + 125 
°C 


Item 
Symbol 
Test Condition 
Min.(B) 
Typ. 
Max.(A) 
Unit 


O°C 
81000 
- 
8840 


VOH 
+25°C 
8960 
- 
8810 


+75°C 
8900 
- 
8720 
Output Voltage 
Vin = VIHA or VILB 
81870 
81665 
mV 
O°C 
- 


VOL 
+25°C 
81850 
- 
81650 


+75°C 
81830 
- 
81625 


O°C 
81020 
- 
- 


VOHC 
+25°C 
8980 
- 
- 


+75°C 
8920 
- 
- 
Output Threshold 
Voltage 
Vin = VIHBor VILA 
mV 
O°C 
- 
- 
81645 


VOLC 
+25°C 
- 
- 
81630 


+75°C 
- 
- 
81605 


O°C 
81145 
- 
8840 


VIH 
Guaranteed 
Input Voltage 
+25°C 
81105 
- 
8810 
High for All Inputs 
+75°C 
81045 
- 
8720 
Input Voltage 
mV 
O°C 
81870 
- 
81490 


VIL 
Guaranteed 
Input Voltage 
+25°C 
81850 
- 
81475 
Low for All Inputs 
+75°C 
81830 
- 
81450 


IIH 
Vin = VIHA 
o to +75°C 
- 
- 
220 


Input Current 
I CS 
0.5 
- 
170 
p.A 


IlL 
Vin = VILB 
I Others 
o to +75°C 
850 
- 
- 
Supply Current 
lEE 
All Inputs and Outputs Open 
O°C, 75°C 
8140 
- 
- 
mA 


• 
AC CHARACTERISTICS 
(VEE = 85.2V 
± 5%, Ta = 0 to +75°C, 
air flow exceeding 
2m/sec.) 


1. Read Mode 


HMI0490-IO 
HMI0490-12 
Item 
Symbol 
Test Condition 
Unit 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Chip Select Access Time 
tACS 
- 
- 
6 
- 
- 
8 
ns 
Chip Select Recovery Time 
tRCS 
- 
- 
6 
- 
- 
8 
ns 
Address Access Time 
tAA 
- 
- 
10 
- 
- 
12 
ns 
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Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Unit 


Write Pulse Width 
tw 
tWSA = tWSAmin. 
6 
- 
- 
8 
- 
- 
ns 


Data Setup Time 
tWSD 
2 
- 
- 
2 
- 
- 
ns 


Data Hold Time 
tWHD 
2 
- 
- 
2 
- 
- 
ns 


Address Setup Time 
tWSA 
tw = tw min. 
2 
- 
- 
2 
- 
- 
ns 


Address Hold Time 
tWHA 
2 
- 
- 
2 
- 
- 
ns 


Chip Select Setup Time 
twscs 
2 
- 
- 
2 
- 
- 
ns 


Chip Select Hold Time 
tWHCS 
2 
- 
- 
2 
- 
- 
ns 


Write Disable Time 
tws 
- 
- 
6 
- 
- 
8 
ns 


Write Recovery Time 
tWR 
- 
- 
12 
- 
- 
14 
ns 


Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Output Rise Time 
tr 
- 
2 
- 
ns 


Output Fall Time 
tf 
- 
2 
- 
ns 


Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Input Capacitance 
Cin 
- 
3 
- 
pF 


Output Capacitance 
Cout 
- 
5 
- 
pF 


• 
TEST CIRCUIT 
AND WAVEFORMS 


1. Loading Condition 


O.01I.1FT 
V 
/77 
EE 
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5~k#==..========,_=~ 
50% •. 


tWHCS 


tWHCS 
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H M 10504-1 0/12 - Preliminary 


65536-Words 
x 4-Bit 
Fully 
Decoded 
Random 
Access 
Memory 


• 
DESCRIPTION 


The 
HM10504 
is ECl 
10K compatible, 
65536-words 
by 4-bits 


read/write 
random 
access 
memory 
developed 
for high speed 
sys- 
tems such as scratch 
pads and control/buffer 
storage. 


• 
FEATURES 


• 65536 
x 4 Bit Organization 


• Fully Compatible 
with 10K ECl 
level 


• Address 
Access Time 
10/12ns (max.) 


• Write Pulse Width 
8ns (min.) 


• low 
Power Dissipation 
620mW (typ.) 


• Output 
Obtainable 
by Wired-OR 
(Open Emitter) 


• 
BLOCK 
DIAGRAM 


As 
As A7 As A12 A13 A14 A1S 


Memory Cell Array 


65536 words x 4 bits 


Type No. 


HMI0504-1O 
HMI0504-12 


Package 


300 mil 28 pin Cerdip 


(DG-24V) 


D,O 
i3' 


D" 
WE 


D'2 
A15 


01) 
AI. 


Doo 
Au 


Do, 
A'2 


V" 
All 


D02 
VEl 


DO) 
A,O 


Ao 
A. 


A, 
Aa 


A2 
A, 


A) 
A, 


A. 
A, 


Input 
Output 
Mode 


CS 
WE 
Din 


H 
X 
X 
L 
Not Selected 


L 
L 
L 
L 
Write 
"0" 


L 
L 
H 
L 
Write 
"1" 


L 
H 
X 
Duu,* 
Read 


NOTES: 
X = Irrelevant: 
* = Read out noninvert 


Pin Name 
Function 


Au-A,S 
Address 
Input 


D,o-DI) 
Data Input 


Doo·DOJ 
Data Output 


WE 
Write 
Enable 


CS 
Chip Select 


Vcc 
Ground 


VEE 
Supply 
Voltage 
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H M 10500-15 - Preliminary 


262,144 
Words 
x 1-Bit Fully 
Decoded 
Random 
Access 
Memory 


• 
DESCRIPTION 


HM10500-15 is ECl 
10K compatible, 
262,144-words 
x 1-bit, readl 


write 
random 
access 
memory 
developed 
for high speed 
systems 


such as main memories 
for super computers. 


• 
FEATURES 


• 262,144-words 
x 
1-bit Organization 


• Fully Compatible 
with 10K ECl 
level 


• Address 
Access Time 
15ns (max.) 


• Write Pulse Width 
10ns (min.) 


• low 
Power Dissipation 
520mW (typ.) 


• Output 
Obtainable 
by Wired-OR 
(Open Emitter) 


Package 


300 mil 24 pin 
Cerdip (DG-24 V) 


Input 


Output 
Mode 
CS 
WE 
Din 
H 
X 
X 
L 
Not Selected 


L 
L 
L 
L 
Write "0" 


L 
L 
H 
L 
Write "I" 


L 
H 
X 
DOU( *1 
Read 


NOTES: 
X = Irrelevant 


*1 = Read Out Noninvert 


(DG-24V) 


• 
PIN ARRANGEMENT 


Oout 
v" 
., 
Din 


., 
OS 


" 


W£ 
., 
." 


•• 
'" 
.S 
'IS 
., 
••• 
., 
A13 


A' 
All 


A' 
All 


V •• 
Al0 


~ 
(2.20UAXI 
+0 
001 
S 
O. oos 
-0: 
0010 
1 10. 13:8: oll 
I 


O. 2tllrUX 
*1 0.54 nux 
o. :OUI1N 
D. SHYl 
N 
~o.os~R. r. r. _tt_ 
I'. ""AXI 
n~:g~~~1 


Po ill 


(•. 18"1 HI 


O. 
04±O. 
DOS 


*1 
OFF 
SET 
INCLUDED 


UN IT: 
i uc h 
(mm) 
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Ao 
AI 
MEMORY 
I 
I 
CELL ARRAY 
I 
I 
256 X 1024 
I 
Do 
t 
A7 


SENSE AMP 
CS 
and R/W 
CONTROL 


WE 


0, 
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Item 


Supply 
Voltage 


Input 
Voltage 


Output 
Current 


Storage 
Temperature 


Storage 
Temperature 


Symbol 


VEE to VCC 


Vln 


lout 
TSl9 


TSl9 (Bias)" 


Rating 


+0.5 to -7.0 


+0.5 to VEE 
-30 


-65 
to +150 


-55 
to +125 


DC Characteristics 
(VEE=-S.2V, 
RL =son 
to -2.0V, 
Ta=O 
to +7SoC, 
air flow 
exceeding 
2m/see) 


Item 
Symbol 
min (B) 
typ 
mex (A) 
Unit 
Test Condition 


-1000 
-840 
O°C 


VOH 
-960 
-810 
+25°C 


-900 
-720 
+75°C 
Output 
Voltage 
mV 
Vln=VIHA 
or V ILB 
-1870 
-1665 
O°C 


VOL 
-1850 
-1650 
+25°C 


-1830 
-1625 
+75°C 


-1020 
O°C 


VOHC 
-980 
+25°C 


Output 
Threshold 
-920 
+75°C 


mV 
Vln=VIHBorVILA 
Voltage 
-1645 
O°C 


VOLC 
-1630 
+25°C 


-1605 
+75°C 


-1145 
-840 
O°C 


VIH 
-1105 
-810 
Guaranteed 
Input 
Voltage 
+25°C 
High for All Inputs 


-1045 
-720 
+75°C 
Input Voltage 
mV 


-1870 
-1490 
O°C 


V1'L 
-1850 
-1475 
Guaranteed 
Input 
Voltage 
+25°C 
Low for All Inputs 
-1830 
-1450 
+75°C 


IIH 
220 
Vln=VIHA 
o to +75°C 


Input 
Current 
0.5 
170 
CS 
IlL 
I'A 
Vln=VILB 
o to +75°C 


-50 
Others 


-180 
All Inputs 
and Outputs 
Open, 
Ta=O°C 
Supply 
Current 
lEE 
mA 


-180 
Test Pin 12 
Ta=75°C 


Read 
Mode 


Item 
Symbol 
min 
typ 
mex 
Unit 
Test Condition 


Chip Select Access Time 
tACS 
15 
n, 


Chip Select 
Recovery 
Time 
tRCS 
10 
n, 


Address 
Access Time 
tAA 
15 
ns 
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HM10500-15 


Write Mode 


Item 
Symbol 
min 
typ 
max 
Unit 
Test Condition 


Write 
Pulse Width 
tw 
10 
ns 
tWSA=2ns 


Data Setup 
Time 
tWSD 
2 
ns 


Data 
Hold 
Time 
tWHD 
3 
ns 


Address 
Setup 
Time 
tWSA 
2 
ns 
tw·l0ns 


Address 
Hold Time 
tWHA 
3 
ns 


Chip Select 
Setup 
Time 
twsCS 
2 
ns 


Chip Select 
Hold 
Time 
tWHCS 
3 
ns 


Write 
Disable 
Time 
tws 
10 
ns 


Write 
Recovery 
Time 
tWR 
18 
ns 


Rise/FaD Time 


Item 
Symbol 
mln 
typ 
max 
Unit 
Test 
Condition 


Output 
Rise Time 
tr 
2 
ns 


Output 
Fall Time 
tf 
2 
ns 


Capacitance 


Item 
Symbol 
min 
typ 
max 
Unit 
Test Condition 


Input 
Capacitance 
C1n 
3 
pF 


Output 
Capacitance 
Cout 
5 
pF 
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Rl&50Q 
Cl -3OpF 
lIncludn pro~ 
and 
jise: c~pacrl<lncrl 
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HM100494 
SerieS-Preliminary 


Pin Arrangement 


Dll 
CS 


012 
WE 


013 
NC 


DI4 
Al3 


DOl 
Al2 


D02 
AI1 


Vcc 
AIO 


VCCA 
V•• 


D03 
A9 


D04 
A8 


AO 
A7 


Al 
A6 


A2 
AS 


A3 
A4 


16384-word x 4-blt Fully Decoded Random Access Memory 


The HM100494 
is ECl 
lOOK compatible. 
16384-word 
by 4-bits 


readtwrite random access memory developed for high speed systems 


such as scratch pads and control/buffer 
storage. 


Features 
16384-word 
x 4-bit organization 


Fully compatible 
with lOOK ECl 
level 


Address 
access time: 
10/12 ns (max) 


Write pulse width: 
6 ns (min) 


low 
power dissipation: 
650 mW (typ) 


Output obtainable 
by wired-OR 
(open emitter) 


Type No. 
HM100494-1O 
HMl00494-12 


HMl00494F-10 
HMl00494F-12 


Access Time 


10 ns 


12 ns 


10 ns 


12 ns 


Package 


400 mil 28-pin Cerdip 
(DG-28Nl 


28-pin Ceramic 
Flat 


(FG-28D) 


Input 


Output 
Mode 
CS 
WE 
Din 


H 
x 
x 
L 
Not Selected 


L 
L 
L 
L 
Writc"O" 


L 
L 
H 
L 
Write H1" 
L 
H 
x 
DoU!"1 
Read 
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Absolute Maximum Ratings eTa = 25°C) 


Item 
Symbol 


Supply Voltage 
VEEto Vcc 


Input Voltage 
Vin 


Output Current 
lout 


Storage Temperature 
Tstg 


Storage Temperature 
Tstg (Bias)!" 


Note: 
-1: Under Bias 


Rating 
Unit 


+D.5 to -7.0 
V 


+D.5 to VEE 
V 


-30 
mA 


-65 to +150 
°C 


-55 to +125 
°C 


Electrical Characteristics 
DC Characteristics 
(VEE= -4.5 V, RL = 50n to -2.0 V, Ta = 0 to +85°C, air flow exceeding 
2 m/sec) 


Item 
Symbol 
Min (B) 
Typ 
Max (A) 
Unit 
Test Condition 


VO" 
-1025 
-955 
-880 
mV 
VOL 
-1810 
-1715 
-1620 
mV 


VOIIC 
-1035 
mV 
VOLe 
-1610 
mV 


VIIl 
-1165 
-880 
mV 
Vn. 
-1810 
-1475 
mV 


lIIl 
220 
~A 


In. 
0.5 
170 
~A 
-50 
-180 


Guaranteed 
Input Voltage 


High/Low 
for All Inputs 


Vin = VIHA 


Others 


All Inputs and Outputs Open 


AC Characteristics 
(VEE= -4.5 V ± 5%, Ta = 0 to +85°C, air flow exceeding 2 m/sec) 
Read Mode 


Item 
Symbol 
HMl00494-10 
HMl00494-12 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 
Test Condition 


Chip Select Access Time 
tAcs 
6 
8 
ns 
Chip Select Recovery Time 
tRes 
6 
8 
ns 
Address Access Time 
tAA 
10 
12 
ns 


Write Mode 


Item 
Symbol 
HMl00494-10 
HMl00494-l2 
Unit 
Test Condition 


Min 
Typ 
Max 
Min 
Typ 
Max 
Write Pulse Width 
tw 
6 
8 
ns 
twSA= twSAmin 
Data Setup Time 
twso 
2 
2 
ns 
Data Hold Time 
twllO 
2 
2 
ns 


Address Setup Time 
twSA 
2 
2 
ns 
tw=twmin 


Address Hold Time 
twllA 
2 
2 
ns 


Chip Select Setup Time 
twscs 
2 
2 
ns 
Chip Select Hold Time 
twlles 
2 
2 
ns 
Write Disable Time 
tws 
6 
8 
ns 
Write Recovery Time 
twR 
12 
14 
ns 
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HM100494 
series 


Rise/Fail TIme 
Item 
Symbol 
Min 
Typ 
Max 
Unit 
Test Condition 
Output Rise Time 
tr 
2 
ns 
Output Fall Time 
If 
2 
ns 


capacitance 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Test Condition 


Input Capacitance 
Cin 
3 
pF 
Output Capacitance 
Cout 
5 
pF 
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;); 
C, 


RL=5OQ 
C,-3OpF 


(Includes 
probe 


.nd jig capacitancle) 


I 
''-.. 
1 


lWHD 
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HM100490 
SerieS-Preliminary 


65536-Words 
x l·Bit Fully 
Decoded 
Random 
Access 
Memory 


• 
DESCRIPTION 


The HM100490 
is ECl 
100K compatible, 
65536-words 
by 1·bit 


read/write 
random 
access 
memory 
developed 
for high speed sys- 


tems such as scratch 
pads and control/buffer 
storage. 


• 
FEATURES 


• 65536 
x 1 Bit Organization 


• Fully Compatible 
with 100K ECl 
level 


• Address 
Access Time 
10/12ns (max.) 


• Write Pulse Width 
6/8ns (min.) 


• low 
Power Dissipation 
500mW (typ.) 
• Output 
Obtainable 
by Wired-OR 
(Open Emitter) 


Type No. 


HMlOO490-1O 
HMlOO490-12 


Package 


300 mil 22 pin Cerdip 


(DG-22N) 


IOns 
12ns 


Memory Cell Array 


65536 words x 4 bits 
Input 
Output 
Mode 


CS 
WE 
Din 


H 
X 
X 
L 
Not Selected 


L 
L 
L 
L 
Write 
"0" 


L 
L 
H 
L 
Write 
"I" 


L 
H 
X 
DOOI • 
Read 


NOTES: 
X = Irrelevant; 
* = Read out noninvert 
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Item 
Symbol 
Rating 
Unit 


Supply Voltage 
VEE to Vcc 
+0.5 
to 87.0 
V 


Input Voltage 
Vin 
+0.5 
to 83.0 
V 


Output Current 
lout 
830 
mA 


Storage Temperature 
Tsl• 
865 to +150 
°C 


Storage Temperature 
Tsl.(under bias) 
855 to +125 
°C 


• 
ELECTRICAL 
CHARACTERISTICS 


• DC Characteristics 
(VEE = -4.5V, 
RL = 500 to -2.0V, 
Ta = 0 to +85°C, 
air flow exceeding 
2m/sec.) 


Item 
Symbol 
Test Condition 
Min.(B) 
Typ. 
Max.(A) 
Unit 


VOH 
81025 
8955 
8880 
mV 
Output Voltage 


VOL 
Vin = VIHA or VILB 
81810 
81715 
81620 
mV 


VOHC 
81035 
- 
- 
mV 
Output Threshold 
Voltage 


VOLC 
Vin = VIHB or VILA 
- 
- 
81610 
mV 


VIH 
Guaranteed 
Input Voltage 
81165 
- 
8880 
mV 
Input Voltage 
VIL 
High/Low 
for All Inputs 
81810 
- 
81475 
mV 


IIH 
Vin = VIHA 
- 
- 
220 
p.A 


Input Current 
I CS 
0.5 
- 
170 


IlL 
Vin = VILB 
I Others 
850 


p.A 
- 
- 


Supply Current 
lEE 
All Inputs and Outputs Open 
8140 
- 
- 
mA 


• AC Characteristics 
(VEE = -4.5V 
± 5%, Ta = 0 to +85°C, 
air flow exceeding 
2m/sec.) 


1. Read Mode 


HM 100490-10 
HM 100490-12 
Unit 
Item 
Symbol 
Test eondition 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Chip Select Access Time 
tACS 
- 
- 
6 
- 
- 
8 
ns 


Chip Select Recovery Time 
tRCS 
- 
- 
6 
- 
- 
8 
ns 


Address Access Time 
tAA 
- 
- 
10 
- 
- 
12 
ns 


HMl0049O-10 
HM 100490-12 
Item 
Symbol 
Test Condition 
Unit 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Write Pulse Width 
tw 
tWSA = tWSAmin. 
6 
- 
- 
8 
- 
- 
ns 


Data Setup Time 
tWSD 
2 
- 
- 
2 
- 
- 
ns 
Data Hold Time 
tWHD 
2 
- 
- 
2 
- 
- 
ns 


Address Setup Time 
tWSA 
tw = tw min. 
2 
- 
- 
2 
- 
- 
ns 


Address 
Hold Time 
tWHA 
2 
- 
- 
2 
- 
- 
ns 
Chip Select Setup Time 
twscs 
2 
- 
- 
2 
- 
- 
ns 
Chip Select Hold Time 
tWHCS 
2 
- 
- 
2 
- 
- 
ns 
Write Disable Time 
tws 
- 
- 
6 
- 
- 
8 
ns 
Write Recovery Time 
tWR 
- 
- 
12 
- 
- 
14 
ns 


~HITACHI 


1278 
Hitachi America, Ltd.• 
Hitachi Plaza' 
2000 Sierra Point Pkwy.• 
Brisbane, CA 94005-1819 
• (415) 589-8300 


Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Output Rise Time 
t, 
- 
2 
- 
ns 


Output Fall Time 
tf 
- 
2 
- 
ns 


Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Input Capacitance 
Cin 
- 
3 
- 
pF 


Output Capacitance 
COUI 
- 
5 
- 
pF 


• 
TEST CIRCUIT 
AND WAVEFORMS 


1. Loading Condition 
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HM100490 
Series 


4. Write Mode 


50%~ 
~ 


Address 
~=_=_==_=, 
==============================,_==_=_=:~ 
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HM 100504F-1 0/12 - Preliminary 


65536-Words 
x 4-Bit 
Fully 
Decoded 
Random 
Access 
Memory 


• 
DESCRIPTION 


The HM100504 
is ECl 
100K compatible, 
65536-words 
by 4-bits 


read/write 
random 
access 
memory 
developed 
for high speed sys- 
tems such as scratch 
pads and control/buffer 
storage. 


• 
FEATURES 


• 65536 
x 4 Bit Organization 
• Fully Compatible 
with 100K ECl 
level 
• Address 
Access Time 
10/12ns (max.) 
• Write Pulse Width 
8ns (min.) 
• low 
Power Dissipation 
500mW 
(typ.) 
• Output 
Obtainable 
by Wired-OR 
(Open Emitter) 


Type No. 


HMIOO504F-10 
HM 100504F-12 


Access Time 


10 ns 


12 ns 


Package 


28 pin Ceramic 
Flat Package 
(30 mil lead Pitch) 


Memory Cell Array 


65536 words x 4 bits 


• 
PIN ARRANGEMENT 


010 
28 
CS 


011 
27 
WE 


012 
26 
A1S 


013 
25 
A14 


000 
24 
A13 


001 
23 
A12 
Vcc 
22 
All 


002 
21 
VEE 


003 
20 
Am 


Ao 
19 
Ag 


Al 
18 
As 


A2 
17 
A7 


A3 
16 
As 


A4 
15 
As 


(Top View) 


• 
TRUTH 
TABLE 


Input 
Output 
Mode 


CS 
WE 
Din 


H 
X 
X 
L 
Not Selected 


L 
L 
L 
L 
Write 
"0" 


L 
L 
H 
L 
Write 
"I" 


L 
H 
X 
0",,,• 
Read 


NOTES: 
X = Irrelevant; 
• = Read 
OUI non invert 
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H M 100500CG-18 
- Preliminary 


262,144-Word 
x l-Bit 
Fully Decoded 
Random 
Access 
Memory 


• 
DESCRIPTION 


The HM100500CG-18 
is ECl 
lOOK compatible, 
262,144-word 
x 


1-bit, read/write 
random 
access memory 
developed 
for high speed 


systems such as main memories 
for super computers. 


• 
FEATURES 


• 262,144-Word 
x 1-Bit Organization 


• Fully Compatible 
with lOOK ECl 
level 


• Address 
Access Time 
18ns (max.) 
• Write Pulse Width 
10ns (min.) 
• low 
Power Dissipation 
500mW (typ.) 


• Output Obtainable 
by Wired-OR 
(Open Emitter) 


Type No. 
Access Time 
Package 


HMIOO500-18 
18ns 
24 pin CERDIP 


(DG-24V) 


HM IOO500CG-18 
18n5 
28 pin LCC 
(CG-28B) 


HMIOO500F-18 
18ns 
24 pin Ceramic Flat 
(FG-24A) 


Input 
Output 
Mode 


CS 
WE 
Din 


H 
X 
X 
L 
Not Selected 


L 
L 
L 
L 
Write "0" 


L 
L 
H 
L 
Write "I" 


L 
H 
X 
Dou,·1 
Read 


NOTES: 
X = Irrelevant 
* I = Read Out Noninvert 


<> 


(CG-28B) 


~ 
(DG-24V) 


• 
PIN ARRANGEMENT 


(FG-24A) 


A,. 
,. 
24 
A'5 
A17 
2 
••• 
23 
A'4 
~ 
3 
index 
22 
A13 
tS 
4 
2, 
A'2 


Din 
5 
20 
All 


lob: 
6 
19 
A,o 


Dout 
7 
,8 
VEE 


Ao 
8 
17 
A. 


A, 
9 
,6 
A. 
A2 
,0 
'5 
A7 


A3 
" 


,4 
A. 
A., 
,2 
,3 
A5 


(Top View) 


(DG-24V) 


1 
24 


2 
23 


3 
22 


4 
2' 
5 
20 


6 
'9 
7 
'8 
8 
'7 
9 
16 
'0 
15 t::J 


11 
14Q 


'2 
13 tJ 


(Top View) 


(CG-28B) 


I•••. 
~ 
". 
II•••"~n°.vn• r••.•.,••• 


1':IJl1 
1lIZl::t7::H. 


L.JL..Ia..JL.,JL,JL,J 


AI 
:-":J 
tn (~ 


At :fJ 
r.i{. 
Wt: 


AJ Ij 
::n 
AI1 


A4 7.::. 
[it 
All 


AS -£] 
::i[ 
Nt: 


AI ~i':: 
[i! 
AIS 


1\1 Jf:: 
[]f 
Alf 
"I It~ 
(]{ AIJ 
:,Jf.J f.J ~J~Jf,~_ • 


'" 
Vno Vm 
AUt All 
All 
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Absolute Maximum Ratings (Ta = 25°C) 


Item 
Symbol 


Supply Voltage 
VEEto Vcc 
Input Voltage 
Vin 
Output Current 
lout 
Storage Temperature 
Tstg 
Storage Temperature 
Tstg (Bias)'! 


Note: 
·1; UnderBias 


Rating 


+D.5 to -7.0 


+D.5 to VEE 
-30 


-65 to +150 


-55 to +125 


Unit 


V 


V 
mA 
°C 
°C 


Electrical Characteristics 
DC Characteristics 
(VEE= -4.5 V, RL = son to -2.0 V, Ta = 0 to +85°C, air flow exceeding 
2 m/sec) 
Item 
Symbol 
Min (B) 
Typ 
Max (A) 
Unit 
Test Conditions 


VOH 
-1025 
-955 
-880 
mV 


VOL 
-1810 
-1715 
-1620 
mV 
VOHC 
-1035 
mV 
VOLe 
-1610 
mV 
Vrn 
-1165 
-880 
mV 
Vn.. 
-1810 
-1475 
mV 
Irn 
220 
J.1.A 


In.. 
0.5 
170 
J.1.A 
-50 
-160 


Ouaranteed 
Input Voltage 


High/Low 
for All Inputs 


Vin = VrnA 


Others 


All Inputs and Outputs Open 


AC Characteristics 
(VEE= -4.5 V ± 5%, Ta = 0 to +85°C, air flow exceeding 2 m/sec) 
Read Mode 


Item 
Symbol 
Min 
Typ 
CO-18 Max 
F-18 Max 
Unit 
Test Conditions 
- 


Chip Select Access Time 
tACS 
18 
IS 
ns 


Chip Select Recovery Time 
tRCS 
18 
10 
ns 


Address Access Time 
tAA 
18 
18 
ns 


Write Mode 


Item 
Symbol 
Min 
Typ 
CO-18 Max 
F-18 Max 
Unit 
Test Conditions 


Write Pulse Width 
tw 
10 
ns 
twsA=2 ns 


Data Setup Time 
twso 
2 
Data Hold Time 
tWHO 
3 
ns 
Address Setup Time 
tWSA 
2 
ns 
Iw=IO ns 
Address Hold Time 
tWHA 
3 
ns 
Chip Select Setup Time 
twscs 
2 
ns 


Chip Select Hold Time 
tWHCS 
3 
ns 


Write Disable Time 
tws 
IS 
10 
ns 


Write Recovery Time 
tWR 
21 
21 
ns 
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HM100SOOCG-18 


Rise/Fail Time 
Item 
Symbol 
Min 
Typ 
Max 
Unit 
Test Conditions 
Output Rise Time 
IT 
2 
ns 
Output Fall Time 
tf 
2 
ns 


capacitance 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Test Conditions 
Input Capacitance 
Cin 
3 
pF 
Output Capacitance 
Cout 
5 
pF 


Test Circuit and Waveforms 


Loading Condition 
Input Pulse 


Vc,(CNOl 


O.OI~F* 


RI.:II:"SOQ 


·-2.0V 
Cl~JOpF(;nclud 
•• 
probe and ji, 
capaciuncr) 


Add 
•.••• 
,50% 
_ 


---./~ 
t~A 
_E 
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HM101494 
SerieS-Preliminary 


16384-Words 
x 4-Bit Fully Decoded 
Random Access Memory 


• 
DESCRIPTION 


The HM101494 
is ECl 
100K compatible, 
16384-words 
by 4-bits 


read/write 
random 
access 
memory 
developed 
for high speed 
sys- 
tems such as scratch 
pads and control/buffer 
storage . 


• 
FEATURES 


• 16384 x 4 Bit Organization 
• Fully Compatible 
with 100K ECl 
level 
• Address 
Access Time 
10/12ns (max.) 
• Write Pulse Width 
6/8ns (min.) 


• low 
Power Dissipation 
750mW (typ.) 


• Output 
Obtainable 
by Wired-OR 
(Open Emitter) 


Type No. 
Access Time 
Package 


HM101494-1O 
IOns 
400 mil 28 pin Cerdip 


HM101494-l2 
l2ns 
(DG-28N) 


HMlOI494F-1O 
IOns 
28 pin Ceramic 
Flat 


HMlO1494F-12 
l2ns 
(FG-28D) 


011 


012 


013 


014 


001 
002 
Vcc 


VCCA 
003 


004 


Ao 


Al 


A2 


A3 


Input 


Output 
Mode 


CS 
WE 
Din 


H 
X 
X 
L 
Not Selected 


L 
L 
L 
L 
Write 
"0" 


L 
L 
H 
L 
Write 
"I" 


L 
H 
X 
Doot• 
Read 


NOTES: 
X = Irrelevant; 
• = Read out noninvert 
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Item 
Symbol 
Rating 
Unit 


Supply Voltage 
VEEto Vcc 
+0.5 
to 87.0 
V 


Input Voltage 
Vin 
+0.5 
to VEE 
V 


Output Current 
10UI 
830 
mA 


Storage Temperature 
Ts10 
865 to +150 
°C 


Storage Temperature 
TSIOrbiasP) 
855 to +125 
°C 


NOTES: 
1. Under bias. 


2. Ceramic flat ... Tc, Cerdip ... T•. 


• 
ELECTRICAL 
CHARACTERISTICS 


• DC Characteristics 
(VEE = -5.2V, 
RL = 50n to -2.0V(2), 
Ta = 0 to +85°C, 
air flow exceeding 
2m/sec.(2), 
Tc = 0 to +85°C) 


Item 
Symbol 
Test Condition 
Min.(B) 
Typ. 
Max.(A) 
Unit 


VOH 
81025 
8955 
8880 
mV 
Output Voltage 


VOL 


Vin = VIHA or V1LB 
81810 
81715 
81620 
mV 


VOHC 
81035 
- 
- 
mV 
Output Threshold 
Voltage 


VOLC 


Vin = VIHBor VILA 
- 
- 
81610 
mV 


VIH 
Guaranteed 
Input Voltage 
81165 
- 
8880 
mV 
Input Voltage 
VIL 
High/Low 
for All Inputs 
81810 
- 
81475 
mV 


IIH 
Vin = VIHA 
- 
- 
220 
p.A 


Input Current 
I CS 
0.5 
- 
170 


IlL 
Vin = VILB 
I Others 
850 


/J.A 
- 
- 


Supply CurrenI 
lEE 
All Inputs and Outputs Open 
8180 
- 
- 
mA 


• AC Characteristics 
(VEE = -5.2V 
± 5%(2), Ta = 0 to +85°C, 
air flow exceeding 
2m/sec.(2), 


Tc = 0 to +85°C) 


HM 101494-10 
HM 101494-12 
Item 
Symbol 
Test Condition 
Unit 


Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Chip Select Access Time 
tACS 
- 
- 
6 
- 
- 
8 
ns 


Chip Select Recovery Time 
tRCS 
- 
- 
6 
- 
- 
8 
ns 


Address Access Time 
tAA 
- 
- 
10 
- 
- 
12 
ns 


HM 101494-10 
HM 101494-12 
Unit 
Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Write Pulse Width 
tw 
tWSA = tWSAmin. 
6 
- 
- 
8 
- 
- 
ns 


Data Setup Time 
tWSD 
2 
- 
- 
2 
- 
- 
ns 


Data Hold Time 
tWHD 
2 
- 
- 
2 
- 
- 
ns 


Address Setup Time 
tWSA 
tw = twmin. 
2 
- 
- 
2 
- 
- 
ns 


Address Hold Time 
tWHA 
2 
- 
- 
2 
- 
- 
ns 


Chip Select Setup Time 
twscs 
2 
- 
- 
2 
- 
- 
ns 


Chip Select Hold Time 
tWHCS 
2 
- 
- 
2 
- 
- 
ns 


Write Disable Time 
tws 
- 
- 
6 
- 
- 
8 
ns 


Write Recovery Time 
tWR 
- 
- 
12 
- 
- 
14 
ns 
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Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Output Rise Time 
tr 
- 
2 
- 
ns 


Output Fall Time 
tf 
- 
2 
- 
ns 


Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


WE, CS, DII, DI2 
- 
5 
- 
pF 
Input Capacitance 
Cin 
Others 
- 
3 
- 
pF 


Output Capacitance 
Cout 
- 
3 
- 
pF 


• 
TEST CIRCUIT 
AND WAVEFORMS 


1. loading Condition 


O.01I.1FT 
V 
/77 
EE 


• 
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5~?#===========~ 
----- 
----- 
- -5~%) 
~ ,. - - - - - - - - - - - - •. 
,- - - - - - - - - - - - - - - - - - - - - -' " 


0 


"\r\. 
/ 
tWHCS 
tWSD 


tWSA 
tw 
tWHCS 
------ 
------ 


twscs 
/ 50% 


tWR 
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HM101490 SerieS-Preliminary 


65536-Words 
x 1-Bit Fully 
Decoded 
Random 
Access 
Memory 


• 
DESCRIPTION 


The HM101490 
is ECl 
100K compatible, 
65536-words 
by 1-bit 
read/write 
random 
access 
memory 
developed 
for high speed 
sys- 


tems such as scratch 
pads and control/buffer 
storage. 


• 
FEATURES 


• 65536 
x 1 Bit Organization 


• Fully Compatible 
with 100K ECl 
level 
• Address 
Access Time 
10/12ns (max.) 
• Write Pulse Width 
6/8ns (min.) 
• low 
Power Dissipation 
570mW (typ.) 


• Output 
Obtainable 
by Wired-OR 
(Open Emitter) 


Type No. 
Access Time 


HMI01490-1O 
IOns 
HMI01490-12 
12ns 


Package 


300 mil 22 pin Cerdip 


(DG-22N) 


Memory Cell Array 


65536 words x 4 bits 
Input 


Output 
Mode 


CS 
WE 
Din 


H 
X 
X 
L 
Not Selected 


L 
L 
L 
L 
Write 
"0" 


L 
L 
H 
L 
Write 
"I" 


L 
H 
X 
Doot • 
Read 


NOTES: 
X = Irrelevant; 
• = Read out noninvert 
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Item 
Symbol 
Rating 
Unit 


Supply Voltage 
VEE to Vcc 
+0.5 
to 87.0 
V 


Input Voltage 
Vin 
+0.5 
to 83.0 
V 


Output Current 
lout 
830 
mA 


Storage Temperature 
TSt2 
865 to +150 
°C 


Storage Temperature 
Tst2(under 
bias) 
855 to +125 
°C 


Item 
Symbol 
Test Condition 
Min.(B) 
Typ. 
Max.(A) 
Unit 


VOH 
8J025 
8955 
8SS0 
mV 
Output Voltage 


VOL 
Vin = VIHA or V1LB 
81SI0 
8m5 
81620 
mV 


VOHC 
81035 
- 
- 
mV 
Output Threshold 
Voltage 


VOle 
Vin = VIHB or VILA 
81610 
mV 
- 
- 


VIH 
Guaranteed 
Input Voltage 
81165 
- 
8SS0 
mV 
Input Voltage 


V1L 
High/Low 
for All Inputs 
81SI0 
81475 
mV 
- 


IIH 
Vin = VIHA 
- 
- 
220 
p.A 


Input Current 
I CS 
0.5 
- 
170 
IlL 
Vin = VILB 
I Others 
850 


p.A 
- 
- 


Supply Current 
lEE 
All Inputs and Outputs Open 
8140 
- 
- 
mA 


• AC Characteristics 
(VEE = -5.2V 
± 5%, Ta = 0 to +S5°C, 
air flow exceeding 
2m/sec.) 


1. Read Mode 


HM 101490-10 
HM 101490-12 
Item 
Symbol 
Test Condition 
Unit 


Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Chip Select Access Time 
tACS 
- 
- 
6 
- 
- 
S 
ns 


Chip Select Recovery Time 
tRCS 
- 
- 
6 
- 
- 
S 
ns 


Address Access Time 
tAA 
- 
- 
10 
- 
- 
12 
ns 


HM 101490-10 
HM 101490-12 
Item 
Symbol 
Test Condition 
Unit 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Write Pulse Width 
tw 
tWSA = tWSAmin. 
6 
- 
- 
S 
- 
- 
ns 


Data Setup Time 
twso 
2 
- 
- 
2 
- 
- 
ns 


Data Hold Time 
tWHO 
2 
- 
- 
2 
- 
- 
ns 


Address Setup Time 
tWSA 
tw = twmin. 
2 
- 
- 
2 
- 
- 
ns 


Address Hold Time 
tWHA 
2 
- 
- 
2 
- 
- 
ns 


Chip Select Setup Time 
twscs 
2 
- 
- 
2 
- 
- 
ns 


Chip Select Hold Time 
tWHCS 
2 
- 
- 
2 
- 
- 
ns 


Write Disable Time 
tws 
- 
- 
6 
- 
- 
S 
ns 


Write Recovery Time 
tWR 
- 
- 
12 
- 
- 
14 
ns 


~HITACHI 


1290 
Hitachi America. Ltd.• 
Hitachi Plaza' 2000 Sierra Point Pkwy.• 
Brisbane. CA 94005-1819 • (415) 589-8300 


Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Output Rise Time 
tr 
- 
2 
- 
ns 


Output Fall Time 
tf 
- 
2 
- 
ns 


Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Input Capacitance 
Cin 
- 
3 
- 
pF 


Output Capacitance 
Coot 
- 
5 
- 
pF 


• 
TEST CIRCUIT 
AND WAVEFORMS 


1. loading 
Condition 


O.011.1~ 
VEE 


• 
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-~===========~ 
----- 
----- 
----, 
,---------- 
- - - 
50%/ I/',............................................ 
' 


tWSD 
'\. 
/ 
tWHCS 


tWSA 
tw 
tWHCS 
------ 
------ 


twscs 
/ 
50% 


tWR 
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HM 101504F-10/12 
- Preliminary 


65536-Words 
x 4-Bit 
Fully 
Decoded 
Random 
Access 
Memory 


• 
DESCRIPTION 


The HM101504 
is ECl 
100K compatible, 
65536-words 
by 4-bits 


read/write 
random 
access 
memory 
developed 
for high speed 
sys- 
tems such as scratch 
pads and control/buffer 
storage. 


• 
FEATURES 


• 65536 
x 4 Bit Organization 


• Fully Compatible 
with 100K ECl 
level 


• Address 
Access Time 
10/12ns (max.) 


• Write Pulse Width 
8ns (min.) 


• low 
Power Dissipation 
500mW (typ.) 


• Output 
Obtainable 
by Wired-OR 
(Open Emitter) 


Type No. 


HMIOI504F-10 
HMIOI504F-12 


Access Time 


10 ns 


12 ns 


Memory Cell Array 


65536 words x 4 bits 


NC 
cs 


010 
WE 


011 
NC 


012 
NC 


013 
A1S 


000 
A14 


001 
A13 


Vee 
A12 


Veco 
VEE 


002 
All 


003 
AlO 


Ao 
Ag 


Al 
As 


A2 
A7 


A3 
As 


A4 
As 


(Top View) 


Input 
Output 
Mode 


CS 
WE 
Din 


H 
X 
X 
L 
Not Selected 


L 
L 
L 
L 
Write 
"0" 


L 
L 
H 
L 
Write 
"I" 


L 
H 
X 
Doot • 
Read 


NOTES: 
X = Irrelevant; 
• = Read out noninvert 
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HM 101500F-15 - Preliminary 


262144-Words 
x 1-Bit Fully Decoded 
Random Access Memory 


• 
DESCRIPTION 


HM101500F-15 
is ECl 
100K compatible, 
262144-words 
by 1-bit, 
read/write 
random 
access 
memory 
developed 
for high speed sys- 


tems such as main memories 
for super computers. 


• 
FEATURES 


• 262,144-Words 
x 1 Bit Organization 


• Fully Compatible 
with 100K ECl 
level 


• Address 
Access Time 
15ns (max.) 


• Write Pulse Width 
10ns (min.) 


• low 
Power Dissipation 
500mW (typ.) 


• Output 
Obtainable 
by Wired-OR 
(Open Emitter) 


Input 
Output 
Mode 
CS 
WE 
Din 


H 
X 
X 
L 
Not Selected 


L 
L 
L 
L 
Write 
"0" 


L 
L 
H 
L 
Write 
"I" 


L 
H 
X 
Dout* 
Read 


NOTES: 
X = Irrelevant; 
• = Read out non invert 


Type No. 


HMIOI500F-15 
HMIOI500CG-15 


Access Time 


15 ns 
15 ns 


Package 


24 pin Ceramic 
Flat 


28 pin Ceramic 
LCC 


256 x 1024 


MemoryCen 


Array 


A1S • 
A,s 


A'7 
"" Index 
A'4 


WO 
A'3 


CS 
A'2 


Din 
All 


Vcc 
A,O 


Dout 
VEE 


AO 
Ag 


A, 
AS 


A2 
A7 


A3 
AS 


A4 
AS 


(Top View) 


Index ,AgDO 
VCC1VCC2VCCC 
Din 


'3: '21 '1; 
~ 
i27ijaf' 
LJ LJ L-: :.-' .._J :_-' 


A1 
-_;f] 
ll~ 
A 


A2 
:§:J 
r24 
A 


A3 
-_~-J 
e~-A17 


A4 
----I 
[~r 
A1S 
..'LJ 
LGC-28 


AS :~:J (TopVI9W) 
C~!A 


A6 
--~-] 
[~A1S 


A7 
T9] 
;-19 
A14 
L___ 


As 
--- ... 
t:f~A13 
11 • 
--_..I 
r-' roo" r-' r-' 
roo' roo" 
~2!~s::14: !1Q ~6!i17i~ 


Ag VEE1 Vcc A10A11 
A12 


(Top View) 
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Item 
Symbol 
Rating 
Unit 


Supply Voltage 
VEE to Vcc 
+0.5 
to 87.0 
V 


Input Voltage 
Vin 
+0.5 
to VEE 
V 


Output Current 
lout 
830 
mA 


Storage Temperature 
T"2 
865 to +150 
°C 


Storage Temperature 
T st"bias) * 
855 to +125 
°C 


• 
ELECTRICAL 
CHARACTERISTICS 


• DC Characteristics 
(VEE = -5.2V, 
RL = 500 to -2.0V, 
Tc = 0 to +85°C) 


Item 
Symbol 
Test Condition 
Min.(B) 
Typ. 
Max.(A) 
Unit 


VOH 
81025 
8955 
8880 
mV 
Output Voltage 


VOL 
Vin = VIHA or VILB 
81810 
81715 
81620 
mV 


VOHC 
81035 
- 
- 
mV 
Output Threshold 
Voltage 


VOLC 


Vin = VIHB or VILA 
- 
81610 
mV 
- 


VIH 
Guaranteed 
Input Voltage 
81165 
- 
8880 
mV 
Input Voltage 
V1L 
High/Low 
for All Inputs 
81810 
81475 
mV 
- 


IIH 
Vin = VIHA 
- 
- 
220 
J.l.A 


Input Current 
I CS 
0.5 
- 
170 
IlL 
Vin = V1LB 
I Others 
850 


J.l.A 
- 
- 


Supply Current 
lEE 
All Inputs and Outputs Open 
8200 
- 
- 
mA 


• AC Characteristics 
(VEE = -5.2V 
± 5%, Tc = 0 to +85°C) 


1. Read Mode 


Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Chip Select Access Time 
tACS 
- 
- 
15 
ns 


Chip Select Recovery Time 
tRCS 
- 
- 
10 
ns 


Address Access Time 
tAA 
- 
- 
15 
ns 


Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Write Pulse Width 
tw 
tWSA = 2ns 
10 
- 
- 
ns 


Data Setup Time 
tWSD 
2 
- 
- 
ns 


Data Hold Time 
tWHD 
3 
- 
- 
ns 


Address Setup Time 
tWSA 
tw = IOns 
2 
- 
- 
ns 


Address Hold Time 
tWHA 
3 
- 
- 
ns 


Chip Select Setup Time 
twscs 
2 
- 
- 
ns 


Chip Select Hold Time 
tWHCS 
3 
- 
- 
ns 


Write Disable Time 
tws 
- 
- 
10 
ns 


Write Recovery Time 
tWR 
- 
- 
18 
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Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Output Rise Time 
tr 
- 
2 
- 
ns 


Output Fall Time 
tf 
- 
2 
- 
ns 


Item 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Unit 


Input Capacitance 
Cin 
- 
3 
- 
pF 


Output Capacitance 
Cout 
- 
5 
- 
pF 


• 
TEST CIRCUIT 
AND WAVEFORMS 


1. Loading Condition 
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5~l=- 
~ 


Address 
;j#=_==_=_=,================================,_==_ =_=:~ 


tWHCS 


tWHCS 
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